Grasping at laws: Speed-accuracy trade-offs in manual prehension. by McIntosh, RD et al.
This is an author produced version of Grasping at laws: speed-accuracy trade-offs in 
manual prehension.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/125678/
Article:
Mon-Williams, M orcid.org/0000-0001-7595-8545, McIntosh, RD and Tresilian, JR (2017) 
Grasping at laws: speed-accuracy trade-offs in manual prehension. Journal of 
Experimental Psychology, Human Perception & Performance. ISSN 0096-1523 (In Press) 
© American Psychological Association, 2018. This paper is not the copy of record and may
not exactly replicate the authoritative document published in the APA journal. Please do 
not copy or cite without author's permission.
promoting access to
White Rose research papers
eprints@whiterose.ac.uk
http://eprints.whiterose.ac.uk/
3DJHRI 
$XWKRUFRS\DUWLFOHDFFHSWHG-RXUQDORI([SHULPHQWDO3V\FKRORJ\+XPDQ3HUFHSWLRQ	3HUIRUPDQFH 
 
*UDVSLQJDWODZVVSHHGDFFXUDF\WUDGHRIIVLQPDQXDOSUHKHQVLRQ 
5REHUW'0F,QWRVK0DUN0RQ:LOOLDPV	-DPHV57UHVLOLDQ 
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3V\FKRORJ\8QLYHUVLW\RI(GLQEXUJK 
*HRUJH6TXDUH(GLQEXUJK(+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7HO 
)D[ 
UGPFLQWRVK#HGDFXN 
 
6XSSOHPHQWDU\PDWHULDOV)XOOGDWDIRUWKLVVWXG\DUHDYDLODEOHXQGHUWKHILUVWDXWKRU¶VDFFRXQWDW
WKH2SHQ6FLHQFH)UDPHZRUNKWWSVRVILRYUTH 
 
$PHULFDQ3V\FKRORJLFDO$VVRFLDWLRQ7KLVSDSHULVQRWWKHFRS\RIUHFRUGDQGPD\QRWH[DFWO\
UHSOLFDWHWKHILQDODXWKRULWDWLYHYHUVLRQRIWKHDUWLFOH3OHDVHGRQRWFRS\RUFLWHZLWKRXWDXWKRUV
SHUPLVVLRQ7KHILQDODUWLFOHZLOOEHDYDLODEOHXSRQSXEOLFDWLRQYLDLWV'2,[KS 
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$EVWUDFW 
0RVWRIKXPDQSHUIRUPDQFHLVVXEMHFWWRVSHHGDFFXUDF\WUDGHRIIV)RUVSDWLDOO\FRQVWUDLQHG
DLPLQJWKHWUDGHRIILVRIWHQVDLGWRWDNHWKHVSHFLILFIRUPRI)LWWV¶ODZLQZKLFKPRYHPHQW
GXUDWLRQLVSUHGLFWHGIURPDVLQJOHIDFWRUFRPELQLQJWDUJHWGLVWDQFHDQGWDUJHWVL]H+RZHYHUHIIRUWV
WRH[WHQGWKLVODZWRWKHWKUHHGLPHQVLRQDOFRQWH[WRIUHDFKLQJWRJUDVSSUHKHQVLRQKDYHKDG
OLPLWHGVXFFHVV:HVXJJHVWWKDWWKHUHDUHSRWHQWLDOO\FRQIRXQGLQJLQIOXHQFHVLQVWDQGDUGJUDVSLQJ
DQGZHLQWURGXFHDQRYHOWDVNWRUHJXODULVHWKHGLUHFWLRQRIDSSURDFKDQGWRHOLPLQDWHWKHLQIOXHQFHV
RIQHDUE\VXUIDFHV,QVL[SDUWLFLSDQWVZHH[DPLQHGVSHHGDFFXUDF\WUDGHRIIVIRUSUHKHQVLRQ
PDQLSXODWLQJWKHGHSWKLQWKHSODQHRIWKHUHDFKKHLJKWRUWKRJRQDOWRWKHUHDFKDQGZLGWKWKH
JUDVSHGGLPHQVLRQRIWKHWDUJHWREMHFWLQGHSHQGHQWO\:HREWDLQHGODZIXOUHODWLRQVKLSVWKDWZHUH
FRQVLVWHQWDWWKHJURXSDQGLQGLYLGXDOOHYHOV,WWRRNORQJHUWRUHDFKIRUPRUHGLVWDQWREMHFWVDQG
PRUHWLPHZDVDOORZHGZKHQSODFLQJWKHILQJHUVRQDFRQWDFWVXUIDFHVPDOOHULQHLWKHUGHSWKRU
KHLJKW0RUHWLPHZDVWDNHQWRJUDVSZLGHUREMHFWVEXWRQO\EH\RQGDFULWLFDOZLGWKWKDWYDULHG
EHWZHHQLQGLYLGXDOV7KHVHVSHHGDFFXUDF\WUDGHRIIVVKRZHGVXEVWDQWLDOGHSDUWXUHVIURP)LWWV
ODZ
DQGZHUHZHOOGHVFULEHGE\DWZRIDFWRUPRGHOLQZKLFKUHDFKGLVWDQFHDQGREMHFWVL]HKDYH
VHSDUDWHLQIOXHQFHVRQPRYHPHQWGXUDWLRQ:HGLVFXVVHPSLULFDODQGWKHRUHWLFDOUHDVRQVIRU
SUHIHUULQJDWZRIDFWRUPRGHODQGZHSURSRVHWKDWWKLVPD\UHSUHVHQWWKHPRVWJHQHUDOIRUPRI
VSHHGDFFXUDF\WUDGHRIIQRWRQO\IRUJUDVSLQJEXWDOVRIRURWKHUVSDWLDOO\FRQVWUDLQHGDLPLQJWDVNV 
 
.H\ZRUGVDLPLQJJUDVSLQJSUHKHQVLRQVSHHGDFFXUDF\WUDGHRII)LWWV¶ODZ 
3XEOLFVLJQLILFDQFHVWDWHPHQW7KLVVWXG\HVWDEOLVKHVWKDWWKHWLPHHTXLUHGWRUHDFKDQGJUDVSDQ
REMHFWFDQEHSUHGLFWHGZLWKYHU\KLJKUHOLDELOLW\IURPWKHGLVWDQFHRIWKHUHDFKDQGWKHVL]HRIWKH
REMHFWLQWKUHHGLPHQVLRQV  
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,QWURGXFWLRQ 
6NLOOHGPRYHPHQWVUHTXLUHFRQVLVWHQF\DQGIOH[LELOLW\7KHVHEDVLFIHDWXUHVDUHUHFRJQLVHGE\
YLUWXDOO\DOOWKHRULVWVHJ%XOORFN	*URVVEHUJ)HOGPDQ	/HYLQ6DOW]PDQ	.HOVR
6FKPLGW7RGRURYEXWSUHFLVHGHVFULSWLRQVRIWKHLQYDULDQWDVSHFWVRI
SHUIRUPDQFHDQGWKHODZVJRYHUQLQJDGMXVWPHQWWRFLUFXPVWDQFHVKDYHEHHQHOXVLYH$SURPLQHQW
H[DPSOHLVWKHVSHHGDFFXUDF\WUDGHRIIIRUPRYLQJWRVWDWLRQDU\WDUJHWV7KLVLVRIWHQVDLGWREH
FDSWXUHGE\)LWWV
ODZZKLFKLQLWVRULJLQDOIRUPXODWLRQVWDWHVWKDWWKHWLPHWDNHQWRPRYHWRD
WDUJHWPRYHPHQWWLPH07LVGLUHFWO\SURSRUWLRQDOWRWKHORJDULWKPRIWKHUDWLRRIWKHWDUJHW
GLVWDQFHDPSOLWXGH$WRWDUJHWVL]HLQWKHUHDFKGLUHFWLRQZLGWK:)LWWV3HUIRUPDQFHLQ
VRPHWDVNVFRQIRUPVTXLWHFORVHO\WR)LWWV¶ODZPRVWQRWDEO\WKHRQHGLPHQVLRQDODLPLQJWDVNV
RULJLQDOO\VWXGLHGE\)LWWVKLPVHOI)LWWV	3HWHUVRQLQZKLFKWDUJHWZLGWKFRQVWUDLQV
HQGSRLQWDFFXUDF\LQWKHGLUHFWLRQRIPRYHPHQW%XWXQLGLPHQVLRQDOWDVNVDUHVHOGRPHQFRXQWHUHG
LQHYHU\GD\OLIHDQGWDVNVWKDWPRUHFORVHO\UHVHPEOHHYHU\GD\DFWLYLWLHVVXFKDVPRYLQJWKHKDQG
WKURXJKWKUHHGLPHQVLRQVWRFRQWDFWDIODWVXUIDFHRUUHDFKLQJWRJUDVSDVROLGREMHFWKDYHEHHQ
IRXQGWREHOHVVZHOOGHVFULEHGE\)LWWV¶ODZHJ%RKDQ/RQJVWDII9DQ*HPPHUW5DQG	
6WHOPDFK%RRWVPD0DUWHQLXN0DF.HQ]LH	=DDO-QJOLQJ%RFN	*LUJHQUDWK
0DUWHQLXN/HDYLWW0DF.HQ]LH	$WKHQHV=DDO	%RRWVPD'HVSLWHLWV
WH[WERRNVWDWXVHJ6FKPLGW	/HHDOPRVWDVPDQ\SXEOLVKHGVWXGLHVUHSRUWGHYLDWLRQV
IURP)LWWV
ODZDVUHSRUWFRQIRUPLW\WRLW3ODPRQGRQ	$OLPL7UHVLOLDQVXJJHVWLQJ
WKDWLWLVQRWDILUPJHQHUDOIRXQGDWLRQIRUPRGHOVRIDLPHGPRYHPHQWV 
+RZHYHULWLVDOPRVWXQLYHUVDOO\REVHUYHGWKDWDLPLQJPRYHPHQWVWDNHORQJHUIRUWDUJHWV
WKDWDUHPRUHGLVWDQWDQGRUVPDOOHUWKRXJKQRWQHFHVVDULO\VPDOOHULQWKHUHDFKGLUHFWLRQ07 
g>DE«Q@6L]H'LVWDQFHZKHUHgLVDPRQRWRQLFDOO\LQFUHDVLQJIXQFWLRQDQG>DE«Q@LVDVHW
RIQSDUDPHWHUVFRQVWDQWIRUDQLQGLYLGXDOSHUIRUPLQJDJLYHQWDVN)LWWV¶ODZFRXOGEHDQ
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DSSUR[LPDWLRQWRWKLVJHQHUDOODZ%HDPLVK	%KDWWLIRUFDVHVLQZKLFKDFFXUDF\LV
FRQVWUDLQHGE\WDUJHWVL]HLQWKHUHDFKGLUHFWLRQRQO\+HUPDQQ	6RHFKWLQJDUJXHGWKDWWKH
GLVFRYHU\RIVXFKDJHQHUDOUHODWLRQVKLSZRXOGEH³SURIRXQG´EXWWKH\FRQVLGHUHGLWXQOLNHO\
EHFDXVHPXOWLMRLQWPRYHPHQWGXUDWLRQVDUHGHWHUPLQHGE\IDFWRUVRWKHUWKDQWDUJHWVL]HDQG
GLVWDQFHVXFKDVELRPHFKDQLFDOIDFWRUVWKDWGHSHQGRQWKHZD\WKHPRYHPHQWLVH[HFXWHG
+RZHYHUZKLOVWWKHVHIDFWRUVDGGLQWULFDF\WKH\QHHGQRWSUHFOXGHDJHQHUDOODZIRUVSHHG
DFFXUDF\WUDGHRIIVLIWKH\FDQEHDFFRPPRGDWHGE\LWVWDVNVSHFLILFSDUDPHWHUVPXFKDVWKH
LQWHUFHSWDDQGVORSHESDUDPHWHUVRI)LWWV¶ODZGHSHQGRQWKHPDVVWREHPRYHG)LWWV
+RIIPDQQDQGWKHPXVFOHVDQGMRLQWVLQYROYHGHJ/DQJROI&KDIILQ	)RXONH$
FRPSOHWHGHVFULSWLRQRIWKHVSHHGDFFXUDF\WUDGHRIIZRXOGUHTXLUHVWDWHPHQWVDERXWKRZWKHVH
SDUDPHWHUVGHSHQGRQWKHSUHFLVHPRYHPHQWWDVNEXWWKHJHQHUDOODZFRXOGEHILWWHGWRDGDWDVHW
SURYLGHGWKDWWKHWDVNLVWKHVDPHIRUDOOFRQGLWLRQVLQWKHH[SHULPHQWLHWKDWWKHWDVNVSHFLILF
SDUDPHWHUVDUHKHOGFRQVWDQW7RLQYHVWLJDWHWKHSRVVLELOLW\RIDPRUHJHQHUDOVSHHGDFFXUDF\WUDGH
RIIIRUVSDWLDOO\FRQVWUDLQHGDLPLQJDJRRGWDVNWRVWXG\ZRXOGEHDZHOOSUDFWLFHGDLPLQJWDVNWKDW
FRQVWUDLQVWHUPLQDODFFXUDF\LQPRUHWKDQMXVWWKHUHDFKGLUHFWLRQVXFKDVUHDFKLQJWRJUDVSD
VWDWLRQDU\REMHFWSUHKHQVLRQ 
 
6SHHGDFFXUDF\WUDGHRIIVLQSUHKHQVLRQ 
7KHSUHVHQWVWXG\ZLOOVSHFLILFDOO\H[DPLQHVSHHGDFFXUDF\WUDGHRIIVLQSUHKHQVLRQQRWRQO\WR
H[SORUHWKHSODXVLELOLW\RIDJHQHUDOVSHHGDFFXUDF\WUDGHRIIIRUVSDWLDOO\FRQVWUDLQHGDLPLQJEXW
DOVREHFDXVHSUHKHQVLRQLVDYLWDOO\LPSRUWDQWKXPDQVNLOOLQLWVRZQULJKW7KHGRPLQDQWPRGHORI
SUHKHQVLRQGLVWLQJXLVKHVEHWZHHQWUDQVSRUWDQGJUDVSFRPSRQHQWVZLWKWKHWUDQVSRUWRIWKHKDQG
FRQVLGHUHGDVDQDLPLQJPRYHPHQWDQGWKHIRUPDWLRQRIWKHJUDVSVXSHULPSRVHGLQWLPH
3DJHRI 
-HDQQHURG16HYHUDOVWXGLHVRIWKHVSHHGDFFXUDF\WUDGHRIILQSUHKHQVLRQKDYHEHHQ
LQWHUSUHWHGLQWHUPVRI)LWWV¶ODZEXWLQIDFWVKRZDSRRUFRUUHVSRQGHQFHZLWKWKHVWDQGDUGIRUPRI
)LWWV¶ODZHJ%RRWVPD0DUWHQLXN0DF.HQ]LH	=DDO-QJOLQJ%RFN	*LUJHQUDWK
0DUWHQLXN/HDYLWW0DF.HQ]LH	$WKHQHV=DDO	%RRWVPD)RULQVWDQFH
%RRWVPDDQGFROOHDJXHVVXJJHVWHGWKDWWKHVLGHOHQJWKRIWKHFRQWDFWVXUIDFHJRYHUQV
PRYHPHQWWLPHIRUJUDVSLQJVTXDUHFURVVVHFWLRQEORFNVEXWWKHSURSRUWLRQRIYDULDQFHFDSWXUHGE\
VXEVWLWXWLQJWKLVOHQJWKIRU:LQ)LWWV
HTXDWLRQZDVRQO\IRUWKHLUJURXSRIILYHSDUWLFLSDQWV
LQGLYLGXDOUYDULHGIURPWRIDOOLQJVKRUWRIWKHKLJKYDOXHVH[SHFWHGIURPDVXFFHVVIXO
DSSOLFDWLRQRI)LWWV¶ODZUVHH7DEOH3ODPRQGRQ	$OLPL 
 ,QUHH[DPLQLQJWKLVLVVXHZHFDQVXJJHVWDWOHDVWWKUHHSRVVLEOHUHDVRQVWKDW)LWWV¶ODZKDV
QRW\HWEHHQFRQYLQFLQJO\VKRZQIRUSUHKHQVLRQ)LUVWWKHNH\DVVHUWLRQRI)LWWV¶HTXDWLRQLVWKDW
WDUJHWGLVWDQFHDQGVL]HKDYHQRQDGGLWLYHHIIHFWVRQPRYHPHQWWLPHDQGWKLVVHHPVPRUHSODXVLEOH
IRUXQLGLPHQVLRQDODLPLQJWKDQIRUWDVNVLQZKLFKWKHWDUJHWFRQVWUDLQVDFFXUDF\ERWKLQWKHUHDFK
GLUHFWLRQDQGSHUSHQGLFXODUWRLW,QGHHGIRUELGLPHQVLRQDODLPLQJ)LWWV¶ODZPD\JLYHDUHODWLYHO\
SRRUILWULQ%RKDQHWDO+RIIPDQ	6KLHNK6KLHNK	+RIIPDQDQG
LQGHSHQGHQWHIIHFWVRIWDUJHWGLVWDQFHDQGVL]HKDYHIUHTXHQWO\EHHQLGHQWLILHG%DLQEULGJH	
6DQGHUV0DF.HQ]LH	*UDKDP6KHULGDQ3UHKHQVLRQPLJKWMXVWEHWRR
FRPSOH[WREHFDSWXUHGE\DODZIRUPXODWHGRULJLQDOO\IRUXQLGLPHQVLRQDOWDVNV 
$VHFRQGPRUHIXQGDPHQWDOFRQFHUQLVWKDW)LWWV¶ODZPD\QRWWKHEHVWJHQHUDOODZIRU
VSDWLDOO\FRQVWUDLQHGDLPLQJHYHQLQWKHXQLGLPHQVLRQDOFDVHEHFDXVHLWFRQIODWHVVHSDUDEOHHIIHFWV
RIWDUJHWGLVWDQFHDQGVL]H:HOIRUGZDVRQHRIWKHILUVWWRFODLPWKDWPRYHPHQWWLPHGDWDIRU
XQLGLPHQVLRQDODLPLQJDUHEHWWHUH[SODLQHGE\DOORZLQJDPSOLWXGHDQGVL]HWRKDYHLQGHSHQGHQW
                                                 
1$QDOWHUQDWLYHLGHDLVWRPRGHOSUHKHQVLRQDVDQDWRPLFDOO\\RNHGDLPLQJPRYHPHQWVRIWKHJUDVSLQJGLJLWV6PHHWV	
%UHQQHU9HUKHLMHWDOVXFKWKDWWUDQVSRUWDQGJUDVSSDUDPHWHUVZRXOGQRWEHFRQWUROOHGGLUHFWO\EXW
ZRXOGEHHPHUJHQWIHDWXUHVRIDFRQWUROVFKHPHIRFXVHGRQWKHLQGLYLGXDOGLJLWV:HFRQVLGHUWKHVHGLJLWFRQWUROPRGHOV
RISUHKHQVLRQPRUHIXOO\LQODWHU'LVFXVVLRQ 
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HIIHFWV+HWKXVSURSRVHGDWZRIDFWRUPRGHO07 DEORJ$FORJ:ZKHUHDEDQGFDUH
FRQVWDQWIRUDQLQGLYLGXDOSHUIRUPLQJDJLYHQWDVN:HOIRUG¶VDUJXPHQWZDVQRWPHUHO\WKDWDWZR
IDFWRUPRGHOJLYHVDEHWWHUILWWRWKHGDWDDVOLJKWO\EHWWHUILWFRXOGEHH[SHFWHGMXVWIURPWKHIDFW
WKDWWKHPRGHOKDVRQHPRUHIUHHILWWLQJSDUDPHWHUWKDQ)LWWV¶HTXDWLRQ5DWKHUKLVFODLPZDVWKDW$
DQG:KDGLQGHSHQGHQWHIIHFWVDVLQGLFDWHGE\WKHIDFWWKDWWKHPRYHPHQWWLPHGDWDGLGQRWIRUP
RQHVWUDLJKWOLQHZKHQSORWWHGDJDLQVW)LWWV¶LQGH[EXWGLVWLQFWVWUDLJKWOLQHVJURXSHGE\WDUJHW
GLVWDQFH7KLVSDWWHUQLVYLVLEOHLQPDQ\DLPLQJVWXGLHVHYHQLQVRPHWKDWFODLPFRQIRUPLW\ZLWK
)LWWV¶ODZHJ*DQ	+RIIPDQ.HUU	/DQJROI7KXVZKHWKHUWKHWDVNLVXQLRU
PXOWLGLPHQVLRQDOWKHUHLVUHDVRQWRWKLQNWKDWWKHHIIHFWVRIWDUJHWGLVWDQFHDQGVL]HDUH
LQGHSHQGHQWVRWKDWDWZRIDFWRUPRGHOPD\DOZD\VEHPRUHDSSURSULDWHWKDQ)LWWV¶ODZ 
$WKLUGSRVVLELOLW\LVWKDWSULRUVWXGLHVRIVSHHGDFFXUDF\WUDGHRIIVLQSUHKHQVLRQPLJKWKDYH
EHHQFRQIRXQGHGE\FHUWDLQQRQHVVHQWLDOIHDWXUHVRIWKHVWDQGDUGODERUDWRU\JUDVSLQJWDVN,QWKH
VWDQGDUGWDVNWKHKDQGDQGWKHWDUJHWREMHFWERWKEHJLQRQDWDEOHWRSZKLFKHQFRXUDJHVDFRPSOH[
WKUHHGLPHQVLRQDOSDWKRIWUDQVSRUWWKHW\SLFDOPRYHPHQWLVERZHGKHDGLQJIRUZDUGDQGXSZDUGV
WKHQGHVFHQGLQJGLDJRQDOO\WRZDUGVWKHREMHFW-HDQQHURG9HUKHLM%UHQQHU	6PHHWV
7KLVFXUYDWXUHUHGXFHVH[SHULPHQWDOFRQWURORYHUWKHWUDQVSRUWGLVWDQFHZKLFKZLOOH[FHHG
WKHVWUDLJKWOLQHSDWKWRWKHREMHFW,WDOVRPDNHVWKHILQDODQJOHRIDSSURDFKXQSUHGLFWDEOHDQGWKXV
ORRVHQVH[SHULPHQWDOFRQWURORYHUWKHREMHFW
VHIIHFWLYHVL]HDQGVKDSHIRUWKHJUDVSLQJKDQG7KHUH
PLJKWEHDVTXDUHFRQWDFWVXUIDFHRQHDFKVLGHRIDQREMHFWHJ%RRWVPDHWDOEXWDQ
REOLTXHDQJOHRIDSSURDFKZRXOGPHDQWKDWWKHHIIHFWLYHVXUIDFHLVDWLOWHGVTXDUH0RUHRYHUD
GRZQZDUGFRPSRQHQWWRWKHILQDODSSURDFKZLOODOORZWKHWDEOHWRSWRVWRSWKHILQJHUVDWWKHREMHFW
HIIHFWLYHO\UHPRYLQJWHUPLQDODFFXUDF\FRQVWUDLQWVLQWKHSODQHSDUDOOHOWRWKHDSSURDFK 
 
 
3DJHRI 
7KHSUHVHQWVWXG\ 
7KHVHWDVNFRQVLGHUDWLRQVVXJJHVWWKDWWREHVWHYDOXDWHVSHHGDFFXUDF\WUDGHRIIVLQJUDVSLQJZH
VKRXOGPRYHIURPWKHVWDQGDUGWDEOHWRSGHVLJQWRDQDUUDQJHPHQWLQZKLFKZHFDQPRUHFRQILGHQWO\
GHILQHWKHUHDFKGLVWDQFHDQGWDUJHWVL]H:HWKXVDGRSWHGDQµDHULDO¶JUDVSLQJWDVNLQZKLFKWKH
WDUJHWREMHFWDQGWKHKDQGDUHHOHYDWHGWRWKHVDPHKHLJKWZLWKQRVXSSRUWLQJVXUIDFHVWRLQIOXHQFH
PRYHPHQW9HUKHLMHWDOKDYHVKRZQWKDWWKHW\SLFDOYHUWLFDOFXUYDWXUHRISUHKHQVLRQ
WUDQVSRUWLVGXHWRFRQVWUDLQWVLPSRVHGE\WKHSUHVHQFHRIVXUIDFHVDWWKHVWDUWLQJSRLQWRIWKHKDQG
2XUWDVNUHPRYHVWKHVHFRQVWUDLQWVVRDPRUHGLUHFWSDWKVKRXOGEHSUHIHUUHGLQDGGLWLRQWKH
DEVHQFHRIDVXSSRUWLQJVXUIDFHIRUWKHWDUJHWPHDQVWKDWQRHQGVWRSLVDYDLODEOHIRUWKHILQJHUV 
7KHUHLVDQLQGHILQLWHYDULHW\RIREMHFWVWKDWPLJKWEHSUHVHQWHGDQGDUDQJHRISRVVLEOH
JUDVSSRVWXUHV:HUHVWULFWRXUDQDO\VLVWRWKHJUDVSLQJRIFXERLGVXVLQJDRQHKDQGHGSUHFLVLRQ
JULSWRJUDVSWKHREMHFWVLGHWRVLGHEHWZHHQLQGH[ILQJHUDQGWKXPE)LJXUH,QWKLV
FRQILJXUDWLRQWKHGHSWKKHLJKWDQGZLGWKRIWKHREMHFWLPSRVHGLVWLQFWFRQVWUDLQWVRQWKHDFFXUDF\
RIGLJLWSODFHPHQW:HZLOOVWXG\WKHLQIOXHQFHRIHDFKRIWKHVHGLPHQVLRQVE\PDQLSXODWLQJWKHP
LQGHSHQGHQWO\)URPILUVWSULQFLSOHVDQGLQIRUPHGE\SULRUOLWHUDWXUHZHFDQPDNHSUHGLFWLRQV
DERXWWKHGLUHFWLRQDOLQIOXHQFHWKDWHDFKREMHFWGLPHQVLRQVKRXOGKDYHRQPRYHPHQWGXUDWLRQ 
7DOOHUREMHFWVGHPDQGOHVVYHUWLFDOGLUHFWLRQDODFFXUDF\WKDQVKRUWHURQHVVRZLWKGHSWK
DQGZLGWKKHOGFRQVWDQWZHZRXOGH[SHFWPRYHPHQWWLPHWRGHFUHDVHZLWKKHLJKW7KLVJHQHUDO
SDWWHUQKDVEHHQREVHUYHGIRUVLPSOHDLPLQJPRYHPHQWVZKHQHYHUWKHVSHHGDFFXUDF\WUDGHRIIIRU
GLUHFWLRQDODFFXUDF\KDVEHHQH[DPLQHGHJ%HJJV	+RZDUWK+RIIPDQQ	6KHLNK
DQGLQRQHVWXG\RIJUDVSLQJLQZKLFKKHLJKWZDVYDULHG7UHVLOLDQ	6WHOPDFK,QFRQWUDVWWR
WKHGLUHFWLRQDOFRQVWUDLQWLPSRVHGE\REMHFWKHLJKWWKHGHSWKRIWKHREMHFWFRUUHVSRQGVWRDFFXUDF\
LQWKHUHDFKGLUHFWLRQLQVWDQGDUGDLPLQJ+RZHYHUXQLPDQXDOJUDVSLQJHQWDLOVDQDGGHGFRQVWUDLQW
RQIUHHGRPRIPRYHPHQWLQWKLVGLUHFWLRQEHFDXVHWKHILQJHUDQGWKXPEDUHOLQNHGWRJHWKHUVRWKH
3DJHRI 
REMHFWZRXOGHYHQWXDOO\FRPHLQWRFRQWDFWZLWKWKHSDUWVRIWKHKDQGEHWZHHQILQJHUDQGWKXPE
7KLVFRQVWUDLQWLVPRUHVHYHUHIRUZLGHUREMHFWVEHFDXVHWKHKDQGPXVWRSHQPRUHIXOO\ZKLFK
PHDQVWKDWGHSWKDQGZLGWKGRQRWSODFHIXOO\LQGHSHQGHQWFRQVWUDLQWVRQDFFXUDF\+RZHYHU
SURYLGHGWKDWREMHFWGHSWKGRHVQRWH[FHHGWKHIUHHGRPRIPRYHPHQWLQWKHUHDFKGLUHFWLRQ
PRYHPHQWWLPHZRXOGEHH[SHFWHGWRGHFUHDVHZLWKGHSWK7KLVH[SHFWDWLRQLVEURDGO\FRQVLVWHQW
ZLWKSULRUREVHUYDWLRQV%RRWVPD0DUWHQLXN	0DF.HQ]LH%RUFKHUVHWDO 
7KHFDVHRIREMHFWZLGWKLVHYHQOHVVVWUDLJKWIRUZDUG:LGWKGRHVQRWDIIHFWWKHFRQWDFW
VXUIDFHVIRUWKHGLJLWVGLUHFWO\EXWLWGRHVLQWHUDFWZLWKWKHGLVWDQFHEHWZHHQWKHGLJLWVWKHJULS
DSHUWXUHWRFRQVWUDLQGLUHFWLRQDODFFXUDF\LQWKHKRUL]RQWDOGLPHQVLRQ7KHGLIIHUHQFHEHWZHHQWKH
JULSDSHUWXUHDQGWKHREMHFWZLGWKVHWVDWROHUDQFHIRUKRUL]RQWDOHUURULQZULVWSRVLWLRQLQJZLWKLQ
ZKLFKQHLWKHUGLJLWLVLQGDQJHURIFROOLGLQJZLWKWKHIURQWRIWKHREMHFW,QWKLVUHVSHFWWKHJUDVSLQJ
WDVNUHVHPEOHVWKHWDVNRISODFLQJDZDVKHURQDSHJZKLFKLVNQRZQWRFRQIRUPDSSUR[LPDWHO\WR
)LWWV¶ODZ)LWWV%XWZKHUHDVWKHHUURUWROHUDQFHLVIL[HGLQWKHZDVKHUSHJWDVNDSHUVRQFDQ
DGMXVWWKHHUURUWROHUDQFHRIJUDVSLQJE\FKDQJLQJWKHLUJULSDSHUWXUHIRUWKLVUHDVRQWKHDSHUWXUH
ZLGWKGLIIHUHQFHFDQEHFRQVLGHUHGDVDIHW\PDUJLQ-DNREVRQ	*RRGDOH6FKOLFKW	
6FKUDWHU:LQJ7XUWRQ	)UDVHU,QSULQFLSOHWKHJULSDSHUWXUHFRXOGEHDGMXVWHGWR
PDLQWDLQDFRQVWDQWVDIHW\PDUJLQDFURVVREMHFWVRIGLIIHUHQWZLGWKVVRWKDWWKHDFFXUDF\GHPDQGV
ZRXOGQRWFKDQJH7KLVVWUDWHJ\ZRXOGUHDFKLWVOLPLWDVREMHFWZLGWKDSSURDFKHGWKHODUJHVWWKDW
FRXOGEHJUDVSHGXQLPDQXDOO\7KXVEHORZVRPHFULWLFDOZLGWKPRYHPHQWWLPHPLJKWEHUHODWLYHO\
FRQVWDQWDFURVVREMHFWZLGWKVDERYHWKLVFULWLFDOZLGWKPRYHPHQWWLPHVKRXOGLQFUHDVHIRUZLGHU
REMHFWV3UHYLRXVO\UHSRUWHGHIIHFWVRIREMHFWZLGWKRQPRYHPHQWWLPHDUHVRPHZKDWYDULHG
%RRWVPDDQGFROOHDJXHVIRXQGWKDWPRYHPHQWWLPHZDVLQFUHDVHGRQO\DWDZLGWKWKDW
DSSURDFKHGWKHJUDVSDEOHOLPLWPPEXWRWKHUVKDYHUHSRUWHGVLJQLILFDQWHIIHFWVIRUZLGWKV
EHORZPP%RUFKHUVHWDO-DNREVRQ	*RRGDOH 
3DJHRI 
:HDLPHGWRWHVWWKHSUHGLFWLRQVGHYHORSHGDERYHPDQLSXODWLQJHDFKGLPHQVLRQRIWKHWDUJHW
REMHFWLQGHSHQGHQWO\DQGXVLQJDQDHULDOJUDVSLQJSURFHGXUHWRHOLPLQDWHFRQIRXQGLQJLQIOXHQFHVRI
RWKHUQHDUE\VXUIDFHVHQFRXUDJLQJDPRUHGLUHFWDSSURDFK9HUKHLMHWDO7KLVDOORZHGXVWR
H[DPLQHWKHVSHHGDFFXUDF\WUDGHRIIVHSDUDWHO\IRUHDFKREMHFWGLPHQVLRQDQGWKXVWRDVVHVVWKH
GHJUHHWRZKLFKSUHKHQVLRQLVGHVFULEHGE\D)LWWV¶ODZPRGHO,WKDVEHHQVWDQGDUGSUDFWLFHIRU
VLPSOHDLPLQJWRDVVHVVKRZZHOO)LWWV¶HTXDWLRQRURWKHUPRGHOVILWGDWDIURPVPDOOJURXSVRI
SDUWLFLSDQWVW\SLFDOO\EHWZHHQHJ0H\HU$EUDPV.RUQEOXP	:ULJKWDQGHJ
$GDP0RO3UDWW	)LVFKHU=HOD]QLN0RQH0F&DEH	7KDPDQ7KLVJURXS
VWUDWHJ\ZDVDSSOLHGLQ)LWWV¶RULJLQDOVWXGLHV)LWWV)LWWV	3HWHUVRQDQGIROORZHGE\
UHVHDUFKHUVVHHNLQJWRWHVWWKHJHQHUDOLW\RI)LWWV¶ODZHJ$GDPHWDO+RIIPDQQ'UXU\	
5RPDQRZVNL-DJDFLQVNL5HSSHUJHU0RUDQ:DUG	*ODVV/DQJROIHWDO,
0DF.HQ]LH	%X[WRQ0XUDWD	,ZDVH:X<DQJ	+RQGDRULQYHVWLJDWLQJ
WKHVSHHGDFFXUDF\WUDGHRIILQRWKHUW\SHVRIWDVNHJ1HZHOO+RVKL]DNL&DUOWRQ	+DOEHUW
6FKPLGW=HOD]QLN+DZNLQV)UDQN	4XLQQ,WKDVEHHQUDUHWRILWWKHVHPRGHOVWR
LQGLYLGXDOSDUWLFLSDQWGDWDH[FHSWZKHQDVLQJOHSDUWLFLSDQWRQO\ZDVVWXGLHGHJ%HJJV	
+RZDUWK&URVVPDQ	*RRGHYHGHVSLWHWKHIDFWWKDWWKHVHPRGHOVDUHQRUPDOO\WDNHQ
WRUHIOHFWLQYDULDQWDVSHFWVRIWKHXQGHUO\LQJRUJDQLVDWLRQRIWKHQHUYRXVV\VWHPHJ%XOORFN	
*URVVEHUJ+DUULV	:ROSHUW0H\HUHWDO3ODPRQGRQ	$OLPL6FKPLGW
HWDO,QVHHNLQJWRGHVFULEHVXFKIXQGDPHQWDOUHJXODULWLHVWKHJURXSVWUDWHJ\ZRXOGEH
DGHTXDWHRQO\LILWZHUHNQRZQWKDWLQGLYLGXDOVGRQRWGHSDUWIURPWKHJURXSSDWWHUQLQLGLRV\QFUDWLF
ZD\V7KHUHIRUHLQWKHSUHVHQWVWXG\ZHILWPRGHOVRIWKHVSHHGDFFXUDF\WUDGHRIIWRLQGLYLGXDO
SDUWLFLSDQWGDWDDVZHOODVWRWKHDYHUDJHSHUIRUPDQFHRIWKHJURXS 
 
  
3DJHRI 
0HWKRGV 
3DUWLFLSDQWV 
6L[SDUWLFLSDQWVSHUIRUPHGUHSHDWHGJUDVSVDFURVVDYDULHW\RIH[SHULPHQWDOFRQGLWLRQVVHH
6WDWLVWLFDOVWUDWHJ\DQGVHQVLWLYLW\IRUVDPSOHVL]HFRQVLGHUDWLRQV7ZRZHUHIHPDOHDQGIRXUPDOH
DJHG\HDUVDQGDOOZHUHULJKWKDQGHGE\VHOIUHSRUW7KHVWXG\ZDVFRQGXFWHGDWWKH
3HUFHSWLRQDQG0RWRU6\VWHPV/DERUDWRU\'HSDUWPHQWRI+XPDQ0RYHPHQWDQG6SRUWV6FLHQFH
8QLYHUVLW\RI4XHHQVODQGDQGFDUULHGRXWLQDFFRUGDQFHZLWKWKH'HFODUDWLRQRI+HOVLQNLZLWK
DSSURYDOIURPWKH8QLYHUVLW\RI4XHHQVODQG¶V0HGLFDO(WKLFV&RPPLWWHH 
 
$SSDUDWXV 
7KHWHVWLQJERDUGKDGDPHWDOOHYHUDWLWVQHDUHGJHZKLFKWKHSDUWLFLSDQWOLIWHGE\LWVWLSEHIRUH
HDFKWULDO7KLVOHYHUZKHQSLQFKHGEHWZHHQILQJHUDQGWKXPEDWWKHWRSRILWVUDQJHSODFHGWKH
GLJLWVPPDERYHWKHERDUGDERXWPPLQIURQWRIWKHVWHUQXP7KLVZDVWKHKDQG
VVWDUW
SRVLWLRQ6WLPXOXVREMHFWVZHUHQDWXUDOSLQHZRRGHQFXERLGVPRXQWHGFHQWUDOO\RQWKLQPHWDOURGV
(DFKURGILWWHGLQWRKROHVGULOOHGLQWKHERDUGHOHYDWLQJWKHFHQWUHRIWKHREMHFWE\PPDQG
SODFLQJLWRUPPGLUHFWO\LQIURQWRIWKHVWDUWSRVLWLRQ2EMHFWVZHUHWREHJUDVSHG
VLGHWRVLGHEHWZHHQWKHILQJHUDQGWKXPERIWKHULJKWKDQG)LJXUH 
 ,QLWLDOO\WKUHHVHWVRIREMHFWVZHUHXVHG:LWKLQHDFKVHWRQHGLPHQVLRQYDULHGDQGWKH
RWKHUVZHUHKHOGFRQVWDQWDWDVL]HXQOLNHO\WROLPLWPRYHPHQWWLPH7KHWKUHHVHWVPDQLSXODWHG
GHSWK'WKHH[WHQWRIWKHREMHFWLQWKHSODQHSDUDOOHOWRWKHUHDFKKHLJKW+DQGZLGWK:WKH
H[WHQWRIWKHREMHFWLQWKHSODQHVRUWKRJRQDOWRWKHUHDFK7KHUHIRUHWKHFRQWDFWVXUIDFHDUHDIRUWKH
ILQJHUDQGWKXPEZDVGHWHUPLQHGE\GHSWKDQGKHLJKWZKLOVWZLGWKZDVWKHJUDVSHGGLPHQVLRQDQG
WKXVGHWHUPLQHGWKHJULSDSHUWXUHUHTXLUHGWRKROGWKHREMHFW7KHWKUHHVHWVKDGILYHREMHFWVHDFK
RQHGLPHQVLRQYDU\LQJZLWKLQHDFKVHW 
3DJHRI 
 
'HSWKVHW' RUPP+ PP: PP 
+HLJKWVHW' PP+ RUPP: PP 
:LGWKVHW' PP+ PP: RUPP 
 
 $QDGGLWLRQDOVHWRIVL[REMHFWVRIYDU\LQJZLGWKZDVODWHUFUHDWHGWRLQYHVWLJDWHWKH
LQIOXHQFHRIREMHFWZLGWKEHWZHHQDQGPP7KLVVHWRIREMHFWVZDVSUHVHQWHGDWWKHPLGGOH
UHDFKDPSOLWXGHRQO\PP:HGLVWLQJXLVKWKLVDGGLWLRQDOZLGWKVHWE\DQDVWHULVN 
 
:LGWKVHW' PP+ PP: RUPP 
 
3URFHGXUH 
(DFKSDUWLFLSDQWFRPSOHWHGWKHLQLWLDOWKUHHREMHFWVHWVLQVHSDUDWHH[SHULPHQWDOEORFNVRQWKHVDPH
RUDGLIIHUHQWGD\(DFKSDUWLFLSDQWIROORZHGDGLIIHUHQWRQHRIWKHVL[SRVVLEOHLQLWLDOEORFNRUGHUV
DQGDOOUHDWWHQGHGWKHODERUDWRU\RQDVXEVHTXHQWGD\WRFRPSOHWHWKHDGGLWLRQDOZLGWKEORFN 
 :LWKLQHDFKEORFNIRUWKHPDLQVWLPXOXVVHWVHDFKRIWKHILYHREMHFWVZDVSUHVHQWHGDWHDFK
RIWKHWKUHHUHDFKGLVWDQFHVQLQHWLPHVIRUDWRWDORIH[SHULPHQWDOWULDOV7ULDORUGHUZDV
JHQHUDWHGE\VKXIIOLQJWKHILIWHHQWULDOW\SHVZLWKLQHDFKRIQLQHVXFFHVVLYHHSRFKVRIWULDOVVR
WKDWHDFKFRQGLWLRQRFFXUUHGRQFHZLWKLQHDFKHSRFK7KHQLQHHSRFKVZHUHSUHFHGHGE\RQHHSRFK
RISUDFWLFHWULDOV7KHDGGLWLRQDOZLGWKEORFNIROORZHGWKHVDPHSDWWHUQH[FHSWWKDWWKHUHZHUH
WHQHSRFKVRIVL[WULDOVVL[REMHFWZLGWKVDWPPIRUH[SHULPHQWDOWULDOVSUHFHGHGE\RQH
HSRFKRIVL[SUDFWLFHWULDOV 
 7KHH[SHULPHQWHUSUHSDUHGIRUHDFKWULDOE\PRXQWLQJWKHVWLPXOXVREMHFWLQSRVLWLRQDQG
WKHSDUWLFLSDQWSUHSDUHGE\OLIWLQJWKHVWDUWOHYHUVRWKDWWKHKDQGZDVSODFHGLQLWVVWDUWSRVLWLRQ
3DJHRI 
7KHH[SHULPHQWHUFRXQWHG³GURS´ZKHUHXSRQWKHSDUWLFLSDQWGURSSHGWKHOHYHURQWRDPXIIOLQJ
SDGOHDYLQJWKHKDQGLQLWVDHULDOVWDUWSRVLWLRQ$IWHUPVDWRQHFXHGWKHSDUWLFLSDQWWR
UHVSRQGDQGPRWLRQWUDFNLQJEHJDQ7KHWDVNZDVWRJUDVSWKHREMHFWTXLFNO\DQGDFFXUDWHO\DVLI
LQWHQGLQJWROLIWLWIURPLWVPRXQWLQJWKHLPSRUWDQFHRITXLFNJUDVSLQJZDVHPSKDVLVHG7ZR
VHFRQGVODWHUDKLJKHUWRQHPDUNHGWKHHQGRIPRWLRQWUDFNLQJDQGWKHSDUWLFLSDQWUHOHDVHGWKH
REMHFWWRSUHSDUHIRUWKHQH[WWULDO7ULDOVZLWKIDOVHVWDUWVRURWKHUSURFHGXUDOHUURUVZHUHUHUXQ
LPPHGLDWHO\ 
 
.LQHPDWLFUHFRUGLQJDQGDQDO\VLV 
3UHKHQVLRQPRYHPHQWVZHUHUHFRUGHGE\WZRFRUHJLVWHUHG2SWRWUDNPRWLRQWUDFNLQJXQLWV
ZLWKFRPSOHPHQWDU\YLHZVWRHQVXUHFRQWLQXRXVPDUNHUYLVLELOLW\7KHVHVDPSOHGWKH'SRVLWLRQV
RIWKUHHPPLQIUDUHGHPLWWLQJGLRGHV,5('VDWWDFKHGWRWKHZULVWVW\ORLGSURFHVVRIUDGLXV
DQGWRWKHGLVWDOSKDODQ[HVRIWKHWKXPEDQGLQGH[ILQJHUDWDVDPSOLQJUDWHRI+] 
 5DZ,5('FRRUGLQDWHVZHUHILOWHUHGE\DGXDOSDVVWKURXJKDVHFRQGRUGHU%XWWHUZRUWK
ILOWHUZLWKDFXWRIIIUHTXHQF\RI+]$FURVVDOOSDUWLFLSDQWVDQGREMHFWVHWVRIWULDOVZHUH
H[FOXGHGGXHWRORVW,5('VLJQDOV)RUDOORWKHUWULDOVWDQJHQWLDOVSHHGRIWKHUHDFKZDVFRPSXWHG
IURPWKHZULVW,5('DQGIURPWKLVWKHRQVHWRIWKHPRYHPHQWZDVHVWLPDWHGXVLQJWKHDOJRULWKP
GHVFULEHGE\7HDVGDOHHWDODOJRULWKPE*ULSDSHUWXUHZDVFDOFXODWHGDVWKHGLVWDQFH
EHWZHHQILQJHUDQGWKXPE,5('V0RYHPHQWRIIVHWZDVHVWLPDWHGIURPJULSDSHUWXUHGXULQJWKH
WHUPLQDOSKDVHRIJULSFORVXUHDVWKHVDPSOHLQZKLFKJULSFORVXUHH[FHHGHGRIWKH
GLIIHUHQFHEHWZHHQWKHPD[LPXPDQGWHUPLQDODSHUWXUHV 
7KHIROORZLQJYDULDEOHVZHUHH[WUDFWHGPRYHPHQWWLPH07IURPPRYHPHQWRQVHWWR
RIIVHWSHDNVSHHG36RIWKHZULVWGXULQJWKHPRYHPHQWWLPHWRSHDNVSHHG736IURPPRYHPHQW
RQVHWWLPHDIWHUSHDNVSHHG7$36WRPRYHPHQWRIIVHWPD[LPXPJULSDSHUWXUH0*$EHWZHHQ
3DJHRI 
ILQJHUDQGWKXPEGXULQJWKHPRYHPHQW0*$YDOXHVZHUHFRUUHFWHGIRU,5('SRVLWLRQE\
VXEWUDFWLQJWKHDSHUWXUHUHFRUGHGZLWKWKHILQJHUDQGWKXPESLQFKHGWRJHWKHU0*$YDOXHVWKXV
UHSUHVHQWWKHWUXHVHSDUDWLRQEHWZHHQWKHGLJLWVQRWEHWZHHQWKH,5('V 
 
6WDWLVWLFDOVWUDWHJ\DQGVHQVLWLYLW\ 
)LWWV¶ODZLVXVHGWRSUHGLFWDYHUDJHPRYHPHQWWLPHLQVSDWLDOO\FRQVWUDLQHGDLPLQJWDVNVLWV
VXFFHVVIXODSSOLFDWLRQZLOOW\SLFDOO\FDSWXUHPRUHWKDQRIWKHYDULDQFHVHH7DEOH
3ODPRQGRQ	$OLPL2XUPDLQDQDO\VHVWHVWHGWKHJRRGQHVVRIILWRI)LWWV¶ODZDQG
DOWHUQDWLYHWZRIDFWRUPRGHOVDWWKHJURXSDQGSDUWLFLSDQWOHYHOVIRUWKHGHSWKKHLJKWDQGZLGWK
VWLPXOL,QFRQVLGHULQJWKHDSSURSULDWHVDPSOHVL]HIRUWKHVHDQDO\VHVWKHPRVWUHOHYDQW
FRQVLGHUDWLRQLVQRWWKHQXPEHURISDUWLFLSDQWVEXWWKHQXPEHURIFRQGLWLRQVDFURVVZKLFK
PRYHPHQWWLPHLVREVHUYHG 
)RUHDFKRIWKHGHSWKKHLJKWDQGZLGWKVWLPXOXVVHWVWKHUHZHUHFRQGLWLRQVFRPELQLQJ
ILYHREMHFWVL]HVZLWKWKUHHDPSOLWXGHV7KHH[SHULPHQWZDVGHVLJQHGWRHQVXUHDFFXUDWHHVWLPDWHV
RIDYHUDJHPRYHPHQWWLPHZLWKWKHPHDQYDOXHSHUSDUWLFLSDQWSHUFRQGLWLRQFDOFXODWHGIURPQLQH
REVHUYDWLRQV$OODYDLODEOHWULDOVFRQWULEXWHGWRWKHFDOFXODWLRQRIPHDQVEHFDXVHDOOUHIOHFWHG
VXFFHVVIXOFRPSOHWLRQRIWKHJUDVSLQDFFRUGDQFHZLWKWDVNLQVWUXFWLRQVDVREVHUYHGE\WKH
H[SHULPHQWHU5'0:LWKLQDQXOOK\SRWKHVLVVLJQLILFDQFHWHVWLQJIUDPHZRUNWKLVGHVLJQZRXOG
EHH[FHVVLYHO\ZHOOSRZHUHGJLYHQWKHYHU\KLJKVWUHQJWKRIWKHWDUJHWHGUHODWLRQVKLSU
+RZHYHULWZRXOGEHWULYLDOWRFRQILUPPHUHO\WKDWWKHUHODWLRQVKLSLVVLJQLILFDQWO\JUHDWHUWKDQ
]HUR,WLVPRUHUHOHYDQWLQWKHSUHVHQWFRQWH[WWREHVXUHWKDWWKHVDPSOHFDQVXSSRUWDVXIILFLHQWO\
DFFXUDWHHVWLPDWLRQRIWKHVSHHGDFFXUDF\WUDGHRII,QHYDOXDWLQJWKHDSSURSULDWHVDPSOHVL]HIRU
WKLVSXUSRVHZHFRQVLGHUPXOWLSOHUHJUHVVLRQZLWKWZRSUHGLFWRUVWZRIDFWRUPRGHOEHFDXVHDQ\
VDPSOHDGHTXDWHIRUWKLVFDVHZLOOEHPRUHWKDQDGHTXDWHIRUWKHRQHIDFWRUFDVH)LWWV¶HTXDWLRQ 
3DJHRI 
6WDWLVWLFDOWUHDWPHQWVRIWKLVLVVXHKDYHEHHQSURYLGHGE\$OJLQDDQG2OHMQLNDQG
.QRIF]\QVNL	0XQGIURP$OJLQD	2OHMQLNIRFXVHGRQWKHDFFXUDF\RIHVWLPDWLRQ
RIULQPXOWLSOHUHJUHVVLRQ7KHLU7DEOHVXJJHVWVWKDWIRUDSRSXODWLRQVTXDUHGFRUUHODWLRQRI
ZLWKWZRSUHGLFWRUVDVDPSOHVL]HRIQLQHREVHUYDWLRQVVKRXOGHVWLPDWHUWRZLWKLQRIWKH
SRSXODWLRQYDOXHRIWKHWLPHDQGREVHUYDWLRQVVKRXOGHVWLPDWHUWRZLWKLQ8VLQJD
FRQVHUYDWLYHDVVXPSWLRQRIDSRSXODWLRQVTXDUHGFRUUHODWLRQRIRXUVDPSOHGFRQGLWLRQV
VKRXOGDOORZXVWRHVWLPDWHUWRFRPIRUWDEO\ZLWKLQRIWKLVYDOXH7KLVLVDVXLWDEOHSUDJPDWLF
OHYHORIDFFXUDF\LPSO\LQJWKDWZHVKRXOGYLHZDQ\UEHORZDVDIDLOXUHWRILWDODZIXOVSHHG
DFFXUDF\WUDGHRII8VLQJDVOLJKWO\GLIIHUHQWDSSURDFK.QRIF]\QVNL	0XQGIURP7DEOH
UHFRPPHQGHGREVHUYDWLRQVDVWKHPLQLPXPVDPSOHWRDFKLHYHDQµH[FHOOHQW¶OHYHORISUHGLFWLRQ
IURPPXOWLSOHUHJUHVVLRQJLYHQWZRSUHGLFWRUYDULDEOHVDQGDQURI:HWKXVKDYHFRQILGHQFH
WKDWRXUGHVLJQHQVXUHVUHSOLFDEOHUHVXOWV,QDGGLWLRQIRUDQ\EHVWILWWLQJPRGHOWREHDFDQGLGDWH
IRUDQLQYDULDQWODZLWVKRXOGQRWRQO\SUHGLFWJURXSEHKDYLRXUEXWDOVRWKDWRIHDFKSDUWLFLSDQW
LQGLYLGXDOO\2XUEHVWILWWLQJVSHHGDFFXUDF\WUDGHRIIVKRXOGWKXVUHSOLFDWHU!LQHDFKRIRXU
VL[SDUWLFLSDQWVSURYLGLQJDUREXVWFKHFNRQLWVJHQHUDOLW\ 
 )ROORZLQJWKHPRGHOOLQJRIPRYHPHQWWLPHDGGLWLRQDOPRUHH[SORUDWRU\JURXSDQDO\VHVDUH
FRQGXFWHGWRFKDUDFWHULVHPDMRUWUDQVSRUWDQGJUDVSSDUDPHWHUV)RUHDFKGHSHQGHQWYDULDEOHIRU
WKHPDLQGHSWKKHLJKWDQGZLGWKVWLPXOXVVHWVWKHPHDQYDOXHZDVH[WUDFWHGSHUSDUWLFLSDQWSHU
FRQGLWLRQDQGVXEPLWWHGWRDUHSHDWHGPHDVXUHV$129$E\UHDFKDPSOLWXGHDQGREMHFWVL]H$
FRQYHQWLRQDODOSKDOHYHORIZDVXVHGZLWK*UHHQKRXVH*HLVVHUDGMXVWPHQWVWRWKHGHJUHHVRI
IUHHGRPLIVSKHULFLW\ZDVYLRODWHG$VVXPLQJVSKHULFLW\WKHVH$129$VZRXOGEHVHQVLWLYHZLWKD
SRZHURIWRDPLQLPXPHIIHFWVL]HRISDUWLDOȘ IRUDPSOLWXGHDQGIRUVL]H,QSUDFWLFH
DFURVVVWLPXOXVVHWVDQGGHSHQGHQWPHDVXUHVWKH*UHHQKRXVH*HLVVHUQRQVSKHULFLW\FRUUHFWLRQ
UDQJHGGRZQWRIRUDPSOLWXGHDQGIRUVL]HVRWKDWWKHPLQLPXPHIIHFWVL]HGHWHFWDEOH
3DJHRI 
ZLWKSRZHUUDQJHGXSWRSDUWLDOȘ IRUDPSOLWXGHDQGIRUVL]H27KHVH$129$VDUH
WKXVUHOLDEO\VHQVLWLYHWRYHU\ODUJHHIIHFWVRQO\EXWWKLVLVQRWDSUREOHPLQWKHSUHVHQWFRQWH[W
)LUVWHDFKGDWDSRLQWLVWKHDYHUDJHRIQLQHREVHUYDWLRQVVRWKHSUHFLVLRQRIWKHGDWDVKRXOGEHKLJK
6HFRQGWKHFRUUHODWLRQVEHWZHHQFRQGLWLRQVZHUHJHQHUDOO\YHU\KLJKZKLFKZLOOPDJQLI\DQ\
FRQVLVWHQWZLWKLQVXEMHFWVHIIHFWVVHHIRRWQRWH7KLUGWKHVH$129$VDUHLQFOXGHGWR
FKDUDFWHULVHWKHPDMRUNLQHPDWLFFKDQJHVWKDWDFFRPSDQ\VSHHGDFFXUDF\WUDGHRIIVDQGUHODWLYH
LQVHQVLWLYLW\WROHVVWKDQZKROO\FRQVLVWHQWHIIHFWVLVDSSURSULDWHWRWKLVUROH)RUWKHVDPHUHDVRQ
ZHFRQFHQWUDWHRQWKHPDLQHIIHFWVRIDPSOLWXGHDQGVL]HQRWH[SORULQJLQWHUDFWLRQVEH\RQGYLVXDO
DVVHVVPHQW 
 
  
                                                 
2 6HQVLWLYLW\DQDO\VHVZHUHSHUIRUPHGXVLQJ*3RZHUY)DXO(UGIHOGHU/DQJ	%XFKQHU)DXO
(UGIHOGHU%XFKQHU	/DQJ*3RZHUFDQFRQVLGHUDPD[LPXPRIRQHZLWKLQVXEMHFWVIDFWRUDWDWLPHVR
VHQVLWLYLW\DQDO\VHVZHUHSHUIRUPHGVHSDUDWHO\IRUWKHHIIHFWVRIDPSOLWXGHDQGVL]H+RZHYHUZHH[SUHVVWKHHIIHFW
VL]HVDVSDUWLDOȘUDWKHUWKDQȘVLQFHLQSUDFWLFHERWKIDFWRUVZLOOEHSUHVHQWLQWKHDQDO\VLV:HVHOHFWHGWKH
*3RZHURSWLRQWRVSHFLI\ZLWKLQVXEMHFWVHIIHFWVL]HVDVLQ6366WKHVWDWLVWLFDOSDFNDJHYXVHGIRUWKHVH
$129$V,Q6366WKHFDOFXODWLRQRIȘRUSDUWLDOȘWDNHVDFFRXQWRIWKHDYHUDJHFRUUHODWLRQEHWZHHQOHYHOVRI
WKHZLWKLQVXEMHFWIDFWRUV$FURVVWKHWKUHHPDLQREMHFWVHWVGHSWKKHLJKWZLGWKDQGWKHIRXUNLQHPDWLFYDULDEOHV
367367$360*$WKHPHGLDQFRUUHODWLRQZHREWDLQHGEHWZHHQWKHWKUHHOHYHOVRIDPSOLWXGHZDVU 
UDQJHDQGEHWZHHQWKHILYHOHYHOVRIVL]HZDVU UDQJH7KHFRUUHODWLRQVZLWKLQWKHIXOOPDWUL[
RIWKHFRQGLWLRQVFRPELQLQJDPSOLWXGHDQGVL]HZHUHVLPLODUO\KLJKPHGLDQU UDQJH*LYHQVXFK
VWURQJFRUUHODWLRQVDFURVVIDFWRUOHYHOVLWLVUHDVRQDEOHWRH[SHFWYHU\ODUJHZLWKLQVXEMHFWVHIIHFWVL]HVIRUDQ\
HIIHFWVWKDWDUHGLUHFWLRQDOO\FRQVLVWHQWDFURVVVXEMHFWVDVLQGHHGZDVIRXQGVHH5HVXOWV 
3DJHRI 
5HVXOWV 
2XUSULQFLSDODLPLVWRHYDOXDWHVSHHGDFFXUDF\WUDGHRIIVSUHGLFWLQJPRYHPHQWWLPH07
$GGLWLRQDODQDO\VHVPRUHIXOO\FKDUDFWHULVHWKHWUDQVSRUWDQGJUDVSSDUDPHWHUVRISUHKHQVLRQ 
 
)LWWLQJ0RYHPHQW7LPH 
)LJXUHVKRZVPHDQPRYHPHQWWLPHSHUGHSWKDQGKHLJKWFRQGLWLRQIRUWKHJURXSDQGIRUHDFK
SDUWLFLSDQW,QHYHU\SDUWLFLSDQW07LQFUHDVHGZLWKUHDFKDPSOLWXGHDQGGHFUHDVHGZLWKREMHFW
GHSWKDQGKHLJKW)RUWKHZLGWKFRQGLWLRQJURXSDQGLQGLYLGXDOGDWDDUHVKRZQLQ)LJXUHD7KH
HIIHFWRIZLGWKZDVGLUHFWLRQDOO\RSSRVLWHWRWKDWRIGHSWKDQGKHLJKWPRYHPHQWGXUDWLRQZDV
ORQJHUIRUZLGHUREMHFWVDVSUHGLFWHG1RWHWKDWWKHLQIOXHQFHRIREMHFWZLGWKLQ)LJXUHDLV
SULQFLSDOO\DQHOHYDWLRQRIPRYHPHQWWLPHIRUWKHPPREMHFWZLWKOLWWOHFRQVLVWHQWYDULDWLRQIRU
ZLGWKVEHORZPP7KLVFRXOGEHEHFDXVHPPLVFORVHWRWKHODUJHVWJUDVSDEOHZLGWKIRUPRVW
SHRSOHVHH%RRWVPDHWDO$OWHUQDWLYHO\LWPLJKWMXVWEHWKDWWKHMXPSLQZLGWKIURPWR
PPLVJUHDWHUWKDQWKHHQWLUHUDQJHRIZLGWKVEHORZPP 
,WWKXVVHHPVWKDWRXULQLWLDOZLGWKVHWZDVVXERSWLPDODVWKHUHZHUHQRREMHFWVWRWUDFNWKH
HIIHFWVRIZLGWKRYHULWVUDQJHRIPDLQLQIOXHQFH7KHDGGLWLRQDOZLGWKVHWZDVFUHDWHGWRILOOLQWKH
PLVVLQJUDQJHEHWZHHQDQGPP0HDQ07SHUZLGWKFRQGLWLRQLVVKRZQLQ)LJXUHE7KH
JURXSSORWVXJJHVWVDQDSSUR[LPDWHO\OLQHDUHIIHFWEHWZHHQDWOHDVWDQGPPEXWWKLVYDULHG
VRPHZKDWDFURVVSDUWLFLSDQWVZLWKVRPHLQZKRPHIIHFWVZHUHYLVLEOHDFURVVWKHUDQJHHJ
3DUWLFLSDQWVDQGDQGRWKHUVLQZKRPWKHUHODWLRQZDVPRUHVFDWWHUHGHJ3DUWLFLSDQWRUIODW
3DUWLFLSDQW7KHHIIHFWVRIZLGWKRQ07WKXVVHHPWREHPRUHYDULDEOHLQGLYLGXDOO\WKDQWKRVHRI
GHSWKRUKHLJKW 
 7KHIRUPDOPRGHOILWWLQJEHJDQE\ILWWLQJ)LWWV¶HTXDWLRQWRWKHDYHUDJHPRYHPHQWWLPH
DFURVVFRQGLWLRQVIRUWKHJURXSPHDQUHVXOWVDQGIRUHDFKSDUWLFLSDQWLQGLYLGXDOO\7KLVHTXDWLRQ
3DJHRI 
KDVDVLQJOHHOHPHQW:WRUHSUHVHQWWKHFRQVWUDLQWRQWHUPLQDODFFXUDF\VRWRUHSUHVHQWDWKUHH
GLPHQVLRQDOWDUJHWVLPSOLI\LQJFKRLFHVDUHUHTXLUHG)RUWKHGHSWKDQGKHLJKWREMHFWVHWVZH
IROORZHGSUHYLRXVDXWKRUVE\VXEVWLWXWLQJWKHPDQLSXODWHGREMHFWGLPHQVLRQGLUHFWO\IRU:LQWKH
HTXDWLRQ%RRWVPDHWDO0DUWHQLXNHWDO=DDO	%RRWVPD3)RUWKHZLGWK
REMHFWVHWDSULRUDGMXVWPHQWZDVUHTXLUHGEHFDXVHWKHHTXDWLRQSUHGLFWVDQLQYHUVHUHODWLRQVKLS
EHWZHHQZLGWKDQGPRYHPHQWWLPHEXWREMHFWZLGWKDIIHFWVPRYHPHQWWLPHLQWKHRSSRVLWHPDQQHU
LQSUHKHQVLRQZLWKZLGHUREMHFWVGHPDQGLQJJUHDWHUDFFXUDF\RIKDQGSODFHPHQW7RWDNHDFFRXQW
RIWKLVZHILUVWVXEWUDFWHGWKHREMHFWZLGWKIURPWRUHSUHVHQWWKHGLIIHUHQFHEHWZHHQWKHREMHFW
ZLGWKDQGDK\SRWKHWLFDOPD[LPXPJULSRIPP7KHXSSHUURZRI)LJXUHVKRZVWKHUHVXOWV
REWDLQHGILWWLQJJURXSPHDQPRYHPHQWWLPHE\OLQHDUUHJUHVVLRQXVLQJ)LWWV¶HTXDWLRQIRUHDFK
REMHFWVHW7KHFOHDUO\GLVWLQFWHIIHFWVRIUHDFKLQJDPSOLWXGHDQGREMHFWGLPHQVLRQLQGLFDWHWKDWWKH\
DUHQRWDSSURSULDWHO\FRPELQHGLQWRDVLQJOHLQGH[RIGLIILFXOW\IRUSUHKHQVLRQFIIRUDLPLQJ
0DF.HQ]LH	*UDKDP0DF.HQ]LH0DUWHQLXN'XJDV/LVNH	(LFNPHLHU:HOIRUG
7KHILWVWKHPVHOYHVZHUHFRUUHVSRQGLQJO\SRRUZLWKUQHYHUH[FHHGLQJDQGEHLQJ
JHQHUDOO\PXFKORZHUVHH7DEOH 
:HWKXVIROORZHG:HOIRUG
VUHFRPPHQGDWLRQRIHQWHULQJDPSOLWXGHDQGVL]HDVWZRVHSDUDWH
IDFWRUVLQRXUUHJUHVVLRQV:HOIRUG¶VRULJLQDOWZRIDFWRUPRGHOIROORZVWKHHTXDWLRQ07 D
EORJ$FORJ:ZKHUHDEDQGFDUHFRQVWDQWV,QWKHSUHVHQWVWXG\ZHZHUHUHODWLYHO\
XQFRQFHUQHGZLWKWKHHIIHFWRIDPSOLWXGHZKLFKZHVDPSOHGDWWKUHHOHYHOVRQO\DQG
PPZLWKQRYHU\VKRUWUHDFKHV:HWKXVDVVXPHGDORJDULWKPLFDPSOLWXGHWHUPLQOLQHZLWK
:HOIRUG¶VHTXDWLRQDQGRWKHUSULRUUHVHDUFKLQWKHDUHDVHH3ODPRQGRQ	$OLPLHYHQLID
OLQHDUWHUPZRXOGKDYHSURGXFHGPDUJLQDOO\EHWWHUILWVWRRXUGDWDWKLVFRXOGVLPSO\UHIOHFWWKH
                                                 
3%HFDXVHWKHQRQPDQLSXODWHGGLPHQVLRQVZHUHKHOGFRQVWDQWDWVL]HVXQOLNHO\WROLPLWPRYHPHQWWLPHWKLVLV
IXQFWLRQDOO\DQDORJRXVWR0DF.HQ]LHDQG%X[WRQ
VVWUDWHJ\RIXVLQJWKHVPDOOHUWDUJHWGLPHQVLRQWRFRPSXWHWKH
LQGH[RIGLIILFXOW\IRUUHFWDQJXODUDLPLQJWDUJHWV 
3DJHRI 
UHVWULFWHGUDQJHRIDPSOLWXGHVWHVWHG2XUSULPDU\LQWHUHVWZDVLQWKHHIIHFWRIREMHFWVL]HZKLFKZH
VDPSOHGDWILYHOHYHOVIRUHDFKRIWKUHHGLPHQVLRQVFRYHULQJDUHSUHVHQWDWLYHUDQJHRIJUDVSDEOH
VL]HV:HHYDOXDWHGDORJDULWKPLFVL]HWHUPDVLQ:HOIRUG¶VHTXDWLRQDQGDOLQHDUVL]HWHUP)LJXUH
VXJJHVWVWKDWDOLQHDUHIIHFWLVSODXVLEOHIRUWKH:LGWKGLPHQVLRQ7KXVIRUHDFKREMHFW
GLPHQVLRQZHFRPSDUHGWKHTXDOLW\RIILWXVLQJ07 DEOJ$FOJ:ZLWKWKDWREWDLQHG
XVLQJ07 DEOJ$F:VXEVWLWXWLQJWKHPDQLSXODWHGGLPHQVLRQIRU:LQHDFKFDVH4 
:HRSHUDWLRQDOLVHGWKHPRGHOFRPSDULVRQXVLQJWKH$NDLNH,QIRUPDWLRQ&ULWHULRQ$,&D
ZLGHO\XVHGPHWULFWRFRPSDUHWKHTXDOLW\RIVWDWLVWLFDOPRGHOV$NDLNH$OORWKHUWKLQJV
EHLQJHTXDOWKHPRGHOZLWKWKHORZHU$,&SDUDPHWHULVFRQVLGHUHGWKHPRUHOLNHO\DQGWKH$,&
GLIIHUHQFHWKHP¨$,&FDQEHFRQYHUWHGWRDUHODWLYHOLNHOLKRRGRIWKHSUHIHUUHGPRGHORYHUWKH
DOWHUQDWLYH>H[S¨$,&@)RUKHLJKWPRGHOZDVVWURQJO\SUHIHUUHGRYHU¨$,& 
UHODWLYHOLNHOLKRRGZLWKWKLVGLIIHUHQFHEHLQJVXEVWDQWLDOLQHDFKRIWKHVL[SDUWLFLSDQWV
LQGLYLGXDOO\¨$,&±UHODWLYHOLNHOLKRRG)RUGHSWKWKHFRPSDULVRQZDV
FORVHUEXWPRGHOZDVSUHIHUUHGPDUJLQDOO\IRUWKHJURXSPHDQGDWD¨$,& UHODWLYH
OLNHOLKRRGZLWKWKUHHSDUWLFLSDQWVVKRZLQJDFOHDUDGYDQWDJHIRUPRGHO¨$,& 
UHODWLYHOLNHOLKRRGDQGWKHRWKHUWKUHHVKRZLQJQHJOLJLEOHDGYDQWDJHVIRU
PRGHO¨$,& UHODWLYHOLNHOLKRRG2YHUDOOWKHQPRGHOZLWKD
ORJDULWKPLFVL]HWHUPZDVVHOHFWHGIRUWKHGHSWKDQGKHLJKWVHWVPDWFKLQJ:HOIRUG¶VHTXDWLRQV$
GLIIHUHQWRXWFRPHZDVREWDLQHGIRUZLGWKZLWKVWURQJHYLGHQFHIRUPRGHORYHUPRGHOIRU
WKHJURXSPHDQGDWD¨$,& UHODWLYHOLNHOLKRRGDQGLQHDFKSDUWLFLSDQW
LQGLYLGXDOO\¨$,& UHODWLYHOLNHOLKRRG7KXVWKHPRGHOVVHOHFWHGZHUH 
 
                                                 
41RWHWKDW)LWWV
RULJLQDOHTXDWLRQDQG:HOIRUG¶VWZRIDFWRUYDULDWLRQXVHGEDVHORJDULWKPVRZLQJWRLWVRULJLQ
ZLWKLQLQIRUPDWLRQWKHRU\ZKHUHE\WKHLQGH[RIGLIILFXOW\KDGWKHXQLWVRIELWV2XUHTXDWLRQVGRQRWLQFOXGHDQLQGH[RI
GLIILFXOW\LQWHUSUHWHGLQWKLVZD\VRZHXVHFRPPRQORJVLHEDVHGHQRWHGE\WKHQRWDWLRQOJ 
3DJHRI 
)RUGHSWK  )(lg Dlgc+Ab+a=MT xx  
)RUKHLJKW  )(lg Hlgc+Ab+a=MT xx  
)RUZLGWK  Wc+Ab+a=MT xx lg  
 
7KHVHOHFWHGWZRIDFWRUPRGHOIRUHDFKREMHFWGLPHQVLRQLVSORWWHGIRUWKHJURXSPHDQGDWD
LQWKHORZHUURZRI)LJXUHDQG7DEOHVXPPDULVHVWKHILWRIWKLVPRGHOIRUHDFKGLPHQVLRQIRU
WKHJURXSDQGIRUHDFKSDUWLFLSDQWLQGLYLGXDOO\ 
  
3DJHRI 
KďũĞĐƚ  / ƚǁŽ ?ĨĂĐƚŽƌ ĐŽĞĨĨŝĐŝĞŶƚƐ ?ƚǁŽ ?ĨĂĐƚŽƌ ? 
ĚŝŵĞŶƐŝŽŶ WĂƌƚŝĐŝƉĂŶƚ  ?ƌ ? ?  ?ƌ ? ? Ă ď  
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7DEOH0RGHOILWWLQJVXPPDU\IRUHDFKREMHFWGLPHQVLRQIRUWKHJURXSDQGIRUHDFKSDUWLFLSDQW
,'U ILWXVLQJ)LWWV¶LQGH[RIGLIILFXOW\WZRIDFWRUU ILWXVLQJSUHIHUUHGWZRIDFWRUPRGHO
FRHIILFLHQWVWZRIDFWRUD LQWHUFHSWE VORSHRIDPSOLWXGHHIIHFWF VORSHRIVL]HHIIHFW 
  
3DJHRI 
$GGLWLRQDODQDO\VHVWUDQVSRUWFRPSRQHQW 
)LJXUHVKRZVJURXSPHDQSHDNVSHHG36SHUFRQGLWLRQIRUDOOREMHFWVHWV7KHSDWWHUQVFRQWUDVW
ZLWKWKRVHREVHUYHGIRU07)LJXUHV:KHUHDV07ZDVPRGXODWHGERWKE\DPSOLWXGHDQG
REMHFWVL]HGHSWKKHLJKWRUZLGWK36ZDVDIIHFWHGVWURQJO\E\DPSOLWXGH>GHSWKVHW)
 SSDUWLDOȘð KHLJKWVHW) SSDUWLDOȘð 
ZLGWKVHW) SSDUWLDOȘð @EXWQRWE\REMHFWVL]H>WKHRQH
VLJQLILFDQWRXWFRPHZDVIRUREMHFWKHLJKW) S SDUWLDOȘð @9DULDWLRQV
LQWUDQVSRUWGXUDWLRQZHUHWKXVDFKLHYHGGLIIHUHQWO\GHSHQGLQJXSRQZKHWKHUWKH\ZHUHLQGXFHGE\
DFKDQJHLQUHDFKDPSOLWXGHRUDFKDQJHLQREMHFWVL]H,QWKHIRUPHUFDVHORQJHUGXUDWLRQVZHUH
DVVRFLDWHGZLWKKLJKHUSHDNVSHHGVLQWKHODWWHUWKH\ZHUHQRWVRSUHVXPDEO\ZHUHDVVRFLDWHGZLWK
FKDQJHVLQWKHVKDSHRIWKHYHORFLW\SURILOHFI0DF.HQ]LH	*UDKDP0DF.HQ]LHHWDO
 
7KLVLVFRQILUPHGE\H[DPLQLQJWKHGXUDWLRQRIDFFHOHUDWLRQDQGGHFHOHUDWLRQSKDVHVRI
PRYHPHQWEHIRUHDQGDIWHUSHDNVSHHGUHVSHFWLYHO\)LJXUHSRUWUD\VWKHHIIHFWVRIDPSOLWXGHDQG
REMHFWVL]HRQWLPHWRSHDNVSHHG736DQGWLPHDIWHUSHDNVSHHG7$36IRUDOOREMHFWVHWV
&KDQJHVLQDPSOLWXGHLQGXFHGFKDQJHVLQWKHDFFHOHUDWLRQDQGGHFHOHUDWLRQSKDVHVZKLOVWWKHHIIHFW
RIFKDQJLQJREMHFWVL]HZDVUHVWULFWHGWRWKHGHFHOHUDWLRQSKDVH6WDWLVWLFDOO\DPSOLWXGHKDG
VLJQLILFDQWPDLQHIIHFWVRQ736>GHSWKVHW) S SDUWLDOȘð KHLJKW
VHW) SSDUWLDOȘð ZLGWKVHW) S 
SDUWLDOȘð @DQGRQ7$36>GHSWKVHW) SSDUWLDOȘð KHLJKW
VHW) SSDUWLDOȘð ZLGWKVHW) S
SDUWLDOȘð @EXWREMHFWVL]HKDGVLJQLILFDQWHIIHFWVRQ7$36RQO\>GHSWKVHW) 
S SDUWLDOȘð KHLJKWVHW) S SDUWLDOȘð ZLGWK
VHW) SSDUWLDOȘð ZLGWKVHW) S 
3DJHRI 
SDUWLDOȘð @ 
 7KHVHSDWWHUQVLOOXVWUDWHIXUWKHUZK\LWLVXQGHVLUDEOHWRFRPELQHFKDQJHVLQUHDFKDPSOLWXGH
DQGREMHFWVL]HLQWRDXQLWDU\
LQGH[RIGLIILFXOW\
DVLQ)LWWV
HTXDWLRQ%RWKIDFWRUVLQIOXHQFH07
EXWLQGLIIHUHQWZD\VDQGIRUGLIIHUHQWUHDVRQV2EMHFWVL]HDIIHFWVPRYHPHQWWLPHEHFDXVHLW
FKDQJHVWKHDFFXUDF\GHPDQGVRIJUDVSLQJDQGKLJKHUDFFXUDF\LVDFKLHYHGE\VHOHFWLYHO\
SURORQJLQJWKHGHFHOHUDWLRQSKDVHRIWKHPRYHPHQW7KLVSRVLWLYHVNHZLQJRIWKHYHORFLW\SURILOH
DIIRUGVPRUHWLPHLQWKHWHUPLQDOORZYHORFLW\SKDVHIRUIHHGEDFNEDVHGDGMXVWPHQWV7KRXJKOHVV
GUDPDWLFDOO\LQFUHDVHVLQUHDFKDPSOLWXGHDOVRLQGXFHSRVLWLYHVNHZLQJRIWKHYHORFLW\SURILOHDV
WKHGHFHOHUDWLRQSKDVHLVH[WHQGHGE\PRUHWKDQLVWKHDFFHOHUDWLRQSKDVHFRPSDUH736DQG7$36
LQ)LJXUH7KLVVXJJHVWVWKDWRQHFRQVHTXHQFHRILQFUHDVLQJDPSOLWXGHLVWRHIIHFWLYHO\UDLVHWKH
DFFXUDF\GHPDQGVEHFDXVHODUJHUDPSOLWXGHPRYHPHQWVDUHLQKHUHQWO\PRUHYDULDEOH+DUULV	
:ROSHUWWKLVUDLVHGDFFXUDF\GHPDQGLVPHWE\WKHUHODWLYHO\ORQJHUGHFHOHUDWLRQSKDVH
+RZHYHULQFUHDVLQJDPSOLWXGHDOVRUDLVHVPRYHPHQWWLPHMXVWEHFDXVHLWUHTXLUHVWKHKDQGWRWUDYHO
IXUWKHUZKLFKLVDFKLHYHGE\VFDOLQJXSWKHHQWLUHWUDQVSRUWFRPSRQHQWZLWKH[WHQGHGDFFHOHUDWLRQ
DQGGHFHOHUDWLRQSKDVHVHLWKHUVLGHRIDKLJKHUSHDNVSHHG7KXVZKLOVWFKDQJHVLQPRYHPHQWWLPH
DVVRFLDWHGZLWKREMHFWVL]HUHIOHFWDOWHUHGDFFXUDF\GHPDQGVWKRVHDVVRFLDWHGZLWKUHDFKDPSOLWXGH
DGGLWLRQDOO\DQGFKLHIO\UHIOHFWGLVWDQFHWUDYHOOHG 
 
$GGLWLRQDODQDO\VHVJUDVSFRPSRQHQW 
)LJXUHDVKRZVJURXSPHDQPD[LPXPJULSDSHUWXUH0*$SHUFRQGLWLRQIRUDOOREMHFWVHWV
2EMHFWZLGWKRIFRXUVHKDGDSRZHUIXOHIIHFWRQ0*$DFURVVLWVUDQJHVLQFHWKLVZDVWKHGLPHQVLRQ
WKDWZDVJUDVSHG>ZLGWKVHW) SSDUWLDOȘð ZLGWKVHW)
 SSDUWLDOȘð @0*$ZDVDOVRPRGXODWHGE\GHSWKDQGKHLJKWGHVSLWHWKH
IDFWWKDWQHLWKHUGHSWKQRUKHLJKWDIIHFWHGWKHJULSVL]HUHTXLUHGWRKROGWKHREMHFW$VREMHFWVL]H
3DJHRI 
LQFUHDVHGLQHLWKHURIWKHVHGLPHQVLRQV0*$LQFUHDVHG>GHSWKVHW) S 
SDUWLDOȘð KHLJKWVHW) S SDUWLDOȘð @5HDFKDPSOLWXGHDOVR
DIIHFWHG0*$>'HSWKVHW) SSDUWLDOȘð +HLJKWVHW)
 SSDUWLDOȘð :LGWKVHW) SSDUWLDOȘð
 @DOWKRXJKLWZDVVLPLODUO\VWULFWO\LUUHOHYDQWWRWKHJULSUHTXLUHGWRKROGWKHREMHFW 
 +RZFDQZHH[SODLQWKHPRGXODWLRQRI0*$E\WDVNSDUDPHWHUVWKDWVXSHUILFLDOO\DWOHDVW
DUHLUUHOHYDQWWRWKHJULSUHTXLUHG",WLVZHOONQRZQWKDWJULSDSHUWXUHH[SDQGVDVWKHUHDFKEHFRPHV
PRUHYDULDEOHIRULQVWDQFHEHFDXVHRILQFUHDVHVLQVSHHG%RRWVPDHWDO-DNREVRQ	
*RRGDOHUHPRYDORIYLVXDOIHHGEDFN:LQJHWDORULQFUHDVHGYLVXDOXQFHUWDLQW\
6FKOLFKW	6FKUDWHU7KLVPD\EHUHOHYDQWWRWKHSUHVHQWGDWDEHFDXVHWKHLQFUHDVLQJ0*$
ZLWKLQFUHDVLQJGHSWKDQGKHLJKW)LJXUHDRFFXUVLQSDUDOOHOZLWKDUHGXFWLRQLQPRYHPHQWWLPH
)LJXUH5HGXFWLRQVLQPRYHPHQWWLPHWRWDNHDGYDQWDJHRIUHOD[HGDFFXUDF\FRQVWUDLQWVLQRQH
GLPHQVLRQPD\LQGXFHFRUUHODWHGLQFUHDVHVLQYDULDELOLW\LQDOOGLPHQVLRQVDQGDZLGHUJULS
DSHUWXUHSURYLGHVWKHVDIHW\PDUJLQIRUWKLVYDULDELOLW\LQWKHKRUL]RQWDOGLPHQVLRQ,QFUHDVHG
YDULDELOLW\RIPRYHPHQWIRUODUJHUDPSOLWXGHPRYHPHQWVHJ+DUULV	:ROSHUWZRXOG
VLPLODUO\H[SODLQWKHLQFUHDVHVLQJULSDSHUWXUHZLWKREMHFWGLVWDQFH 
 7KHQRWLRQWKDWJULSDSHUWXUHLQFRUSRUDWHVDVDIHW\PDUJLQIRUZULVWSRVLWLRQLQJPD\LQWXUQ
RIIHUVRPHLQVLJKWLQWRLQGLYLGXDOYDULDWLRQVLQWKHHIIHFWVRIREMHFWZLGWKXSRQ07)LJXUH7R
LOOXVWUDWHLWLVKHOSIXOWRUHSORW0*$YDOXHV)LJXUHDDVVDIHW\PDUJLQ60YDOXHVZKHUH60LV
WKHDPRXQWE\ZKLFK0*$H[FHHGVWKHREMHFWZLGWKFDOFXODWHGE\VXEWUDFWLQJREMHFWZLGWKIURP
0*$)LJXUHE)RUVLPSOLFLW\ZHGLVFXVVPHGLXPDPSOLWXGHUHDFKHVRQO\$ PP)RU
GHSWKDQGKHLJKWDVREMHFWVL]HLQFUHDVHVVR07GHFUHDVHVDQG0*$LQFUHDVHV$WWKHODUJHVW
YDOXHVRIGHSWKDQGKHLJKWPPWKHWDUJHWREMHFWVKDYHDQLGHQWLFDOO\ODUJHVTXDUHFRQWDFW
VXUIDFHRQHLWKHUVLGHRIDPPJUDVSDEOHZLGWK)RUDOOSUDFWLFDOSXUSRVHVWKHDFFXUDF\
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FRQVWUDLQWVRIWKHVHREMHFWVDUHDVOHQLHQWDVFRXOGEHRIIHUHGE\DQ\JUDVSDEOHFXERLGVRZHPD\
DVVXPHWKDWSDUWLFLSDQWVDUHPRYLQJDWRUFORVHWRWKHPLQLPXPSRVVLEOHGXUDWLRQIRUVXFFHVVIXO
JUDVSLQJDWWKLVDPSOLWXGHaPVRQDYHUDJH:HFDQWKHQDVNKRZELJDVDIHW\PDUJLQSHRSOH
JLYHWKHPVHOYHVWRJUDVSVXFFHVVIXOO\DWWKLVVKRUWGXUDWLRQ7KHGDWDIRUWKHODUJHVWGHSWKDQGKHLJKW
REMHFWVLQ)LJXUHELQGLFDWHWKDWWKLVSUHIHUUHGVDIHW\PDUJLQLVaPP,IZHWKHQORRNDWWKH
ZLGWKSDQHOVLQ)LJXUHZHVHHWKDWLQFUHDVHVLQ0*$ZLWKREMHFWZLGWKDUHVXIILFLHQWWRNHHSWKH
VDIHW\PDUJLQDERYHWKLVSUHIHUUHGYDOXHXQWLOREMHFWZLGWKSDVVHVaPPZKLFKLVDOVRWKHSRLQW
DWZKLFKZLGWKEHJLQVWRSURGXFHQRWLFHDEOHLQFUHDVHVLQ07)LJXUH3UHVXPDEO\EH\RQGWKLV
SRLQWIXUWKHULQFUHDVHVLQVDIHW\PDUJLQDUHPRUHXQFRPIRUWDEOHDQGRULQHIILFLHQWWKDQVORZLQJWKH
PRYHPHQWGRZQ,QGLYLGXDOGLIIHUHQFHVLQWKHSUHFLVHSRLQWDWZKLFKREMHFWZLGWKEHJLQVWROLPLW
07PLJKWEHGHWHUPLQHGE\DYDULHW\RIYDULDEOHVSV\FKRORJLFDOHJPRWRUVNLOOWDVNVWUDWHJ\
ELRPHFKDQLFDOHJILQJHUMRLQWIOH[LELOLW\DQGHYHQDQDWRPLFDOHJKDQGVL]H 
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'LVFXVVLRQ 
7KHSUHVHQWVWXG\HVWDEOLVKHVODZIXOUHODWLRQVKLSVEHWZHHQHDFKRIWKHWKUHHGLPHQVLRQVRIDQREMHFW
DQGWKHWLPHWDNHQWRJUDVSLWDVZHOODVEHWZHHQUHDFKDPSOLWXGHDQGPRYHPHQWWLPH7KHVH
UHODWLRQVKLSVZHUHFOHDUDWWKHJURXSOHYHODQGLQHDFKSDUWLFLSDQWLQGLYLGXDOO\7KHGLUHFWLRQVRI
WKHVHUHODWLRQVKLSVDUHSUHGLFWDEOHIURPDFRQVLGHUDWLRQRIWDVNGHPDQGVLWWDNHVORQJHUWRUHDFKIRU
PRUHGLVWDQWREMHFWVDQGPRUHWLPHPXVWEHDOORZHGWRSODFHWKHILQJHUVRQDFRQWDFWVXUIDFHWKDWLV
VPDOOHULQHLWKHUGHSWKSDUDOOHOWRWKHUHDFKRUKHLJKWSHUSHQGLFXODUWRWKHUHDFK0RUHWLPHLV
WDNHQWRJUDVSZLGHUREMHFWVEXWRQO\EH\RQGDFULWLFDOZLGWKWKDWOLPLWVWKHVDIHW\PDUJLQEXLOWLQWR
WKHJULSDSHUWXUHDVWKHFOHDUDQFHEHWZHHQWKHILQJHUVIRUPLQJWKHJULSDSHUWXUHDQGWKHWDUJHWLV
LQFUHDVLQJO\OLPLWHGE\WDUJHWZLGWKVRPRYHPHQWWLPHVLQFUHDVH7KLVODVWUHVXOWLVUHPLQLVFHQWRI
WKDWREWDLQHGE\)LWWVLQDZDVKHUWUDQVIHUWDVNZKHUHWKHFOHDUDQFHEHWZHHQDQDQQXODU
ZDVKHUDQGWKHSHJRQWRZKLFKLWZDVWREHSODFHGGHWHUPLQHGWKHPRYHPHQWWLPH7KHVH
GLPHQVLRQDOHIIHFWVRIREMHFWVL]HDUHPHGLDWHGE\WKHFRQVWUDLQWVLPSRVHGRQGLJLWSODFHPHQW
ZKLFKGLIIHUGHSHQGLQJRQWKHVSDWLDOUHODWLRQVKLSRIHDFKGLPHQVLRQZLWKWKHIRUPDWLRQRIWKHJUDVS
VHH)LJXUH7KHVHUHODWLRQVKLSVDUHWKHUHIRUHVSHHGDFFXUDF\WUDGHRIIVWKRXJKWKH\GRQRW
FRQIRUPWR)LWWV
ODZ2XUGDWDZHUHZHOOGHVFULEHGE\DWZRIDFWRUPRGHOLQZKLFKDPSOLWXGHDQG
VL]HKDYHGLVWLQFWDGGLWLYHHIIHFWVRQPRYHPHQWWLPH:HOIRUG7KHUHODWLRQZDV
DSSUR[LPDWHO\ORJDULWKPLFIRUREMHFWGHSWKDQGKHLJKWDQGFORVHWROLQHDUIRUZLGWKXQGHUOLQLQJWKH
GLVWLQFWW\SHRIDFFXUDF\FRQVWUDLQWLPSRVHGE\WKHJUDVSHGGLPHQVLRQ 
2EMHFWZLGWKKDGDQLQWULJXLQJLQIOXHQFHRQPRYHPHQWWLPHZLWKOLWWOHHIIHFWGLVFHUQLEOH
EHORZPPZLGWK2XUVXSSOHPHQWDU\PDQLSXODWLRQWRIRFXVRQZLGWKVEHWZHHQPP
VKRZHGDVWURQJOLQHDUWUHQGDWWKHJURXSOHYHOU WKRXJKLQGLYLGXDOO\WKHILWVUDQJHGIURP
JRRGU WRYHU\SRRUU ,QGLYLGXDOGLIIHUHQFHVLQKDQGVL]HDQGIOH[LELOLW\DQGLQWKH
VWUDWHJLFDGMXVWPHQWRIJULSVL]HWRSURYLGHDVDIHW\PDUJLQIRUIDVWHUPRYHPHQWVPD\FRQWULEXWHWR
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WKHVHYDULDWLRQVLQWKHHIIHFWVRIZLGWK7KLVPD\KHOSH[SODLQZK\SULRUGDWDRQWKLVUHODWLRQVKLSDUH
VRPHZKDWLQFRQVLVWHQW%RRWVPDHWDO%RUFKHUVHWDO-DNREVRQ	*RRGDOH
7KHLGHDWKDWJULSDSHUWXUHPRGXODWLRQVFUHDWHDVDIHW\PDUJLQIRUIDVWHUPRYHPHQWVLVZHOO
HVWDEOLVKHGHJ6FKOLFKW	6FKUDWHU:LQJHWDODQGLWIXUWKHURIIHUVDQH[SODQDWLRQ
IRUWKHXQH[SHFWHGHIIHFWVRIWKHQRQJUDVSHGGLPHQVLRQVRIWKHREMHFWGHSWKDQGKHLJKWRQJULS
DSHUWXUHLQWKHSUHVHQWVWXG\6SHFLILFDOO\DVSHRSOHPRYHIDVWHUWRWDNHDGYDQWDJHRIUHOD[HG
DFFXUDF\FRQVWUDLQWVLQWKHGHSWKRUKHLJKWGLPHQVLRQVVRWKH\PXVWRSHQWKHLUKDQGZLGHUWRDOORZ
IRUWKHLQFUHDVHGYDULDELOLW\RIKRUL]RQWDOZULVWSRVLWLRQLQJWKDWWKHIDVWHUPRYHPHQWVZLOOHQWDLO$
VLPLODUH[SODQDWLRQZRXOGDSSO\WRWKHHIIHFWVRIDPSOLWXGHXSRQ0*$ODUJHUDPSOLWXGH
PRYHPHQWVDUHPRUHYDULDEOH+DUULV	:ROSHUWVRDZLGHUDSHUWXUHLVQHHGHGWRDOORZ
PRUHWROHUDQFHIRUZULVWSRVLWLRQLQJDOPRVWDVLIJULSDSHUWXUHZHUHDYDOYHIRUWKHWUDQVSRUW
FRPSRQHQWWROHWRIIVWHDP1RWRQO\DUHWKHUHVSHHGDFFXUDF\WUDGHRIIVLQJUDVSLQJWKHUHDUHDOVR
VWULNLQJVSHHGDSHUWXUHWUDGHRIIV 
 7KHSUHVHQWVWXG\ZDVGHVLJQHGWRFODULI\WKHVSHHGDFFXUDF\WUDGHRIIVLQSUHKHQVLRQQRWWR
WHVWEHWZHHQWKHRUHWLFDOPRGHOVRIVSDWLDODLPLQJEXWRXUUHVXOWVKDYHLPSOLFDWLRQVIRUVXFKPRGHOV
2QHORQJVWDQGLQJDFFRXQWRI)LWWV¶ODZLVWKDWLWHPHUJHVIURPDFRPSURPLVHEHWZHHQWKHGXUDWLRQV
RIDSULPDU\WUDQVSRUWPRYHPHQWDQGDIHHGEDFNEDVHGFRUUHFWLYHVXEPRYHPHQWJLYHQQHXURPRWRU
QRLVHWKDWLQFUHDVHVZLWKWKHDYHUDJHYHORFLW\RIWKHPRYHPHQW0H\HUHWDO$PRUHUHFHQW
PRGHOJLYHVHYHQJUHDWHUH[SODQDWRU\ZHLJKWWRVLJQDOGHSHQGHQWQHXURPRWRUQRLVHZLWKQR
QHFHVVDU\FRQWULEXWLRQIURPIHHGEDFNEDVHGFRUUHFWLRQVDUJXLQJWKDW)LWWV¶ODZHPHUJHVVLPSO\
IURPWKHPLQLPXPPRYHPHQWGXUDWLRQIRUZKLFKWKHVSUHDGRIPRYHPHQWHQGSRLQWVIDOOVZLWKLQWKH
WDUJHWZLGWK+DUULV	:ROSHUW6HYHUDORWKHUPRGHOVDOVRUHSURGXFH)LWWV¶ODZW\SH
UHODWLRQVKLSVLQZKLFKVL]HDQGGLVWDQFHKDYHHTXLYDOHQWHIIHFWVRQPRYHPHQWGXUDWLRQHJ
%XOORFN	*URVVEHUJ&URVVPDQ	*RRGHYH3ODPRQGRQ	$OLPL7RWKHH[WHQW
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WKDWVXFKPRGHOVOHDGVSHFLILFDOO\WRD)LWWV¶ODZUHODWLRQVKLSWKH\ZLOOEHXQDEOHZLWKRXWDGKRF
DGMXVWPHQWWRH[SODLQWKHGDWDSUHVHQWHGKHUH 
2XUGDWDDUHREYLRXVO\FRQVLVWHQWZLWK:HOIRUG¶VWKHRUHWLFDOSRVLWLRQWKDWWDUJHW
GLVWDQFHDQGVL]HSODFHVHSDUDWHFRQVWUDLQWVXSRQPRYHPHQWWLPH7KLVLVVXSSRUWHGE\RXUDQDO\VHV
RIWKHNLQHPDWLFFKDUDFWHURIWKHWUDQVSRUWPRYHPHQW7KHLQFUHDVHVLQPRYHPHQWWLPHZLWK
LQFUHDVLQJGLVWDQFHZHUHWKHUHVXOWRIDQRYHUDOOVFDOLQJXSRIWKHPRYHPHQWZLWKDKLJKHUSHDN
VSHHGDQGDQH[WHQGHGWLPHFRXUVHEXWWKHLQFUHDVHVDVVRFLDWHGZLWKFKDQJHVLQREMHFWVL]HZHUH
DOPRVWH[FOXVLYHO\GXHWRDQH[WHQGHGGHFHOHUDWLRQSKDVHVXJJHVWLQJDQLPSRUWDQWUROHIRU
IHHGEDFNEDVHGFRUUHFWLRQVHHDOVR%RRWVPDHWDO0DF.HQ]LH	*UDKDP0DF.HQ]LH
HWDO:HVXJJHVWWKDWREMHFWVL]HLPSRVHVDµSXUH¶DFFXUDF\FRQVWUDLQWVHWWLQJWKHWROHUDQFH
IRUYDULDELOLW\RIPRYHPHQWHQGSRLQWVPHWODUJHO\E\IHHGEDFNEDVHGFRQWUROLQWKHWHUPLQDOVWDJHV
RIWKHPRYHPHQW7KHGLVWLQFWFKDUDFWHURIWKHNLQHPDWLFFKDQJHVDVVRFLDWHGZLWKGLVWDQFHDQGVL]H
VWUHQJWKHQWKHWKHRUHWLFDOEDVLVIRUDWZRIDFWRUPRGHODQGWKHSURQRXQFHGHIIHFWRIREMHFWVL]HRQ
WKHGHFHOHUDWLRQSKDVHVXJJHVWVDPDMRUUROHIRUFORVHGORRSFRQWURORIHQGSRLQWYDULDELOLW\LQ
VKDSLQJWKHVSHHGDFFXUDF\WUDGHRIIFRQWUDU\WR+DUULV	:ROSHUW
VRSHQORRSDFFRXQW 
 ,QWKHFRQWH[WRISUHKHQVLRQLWPD\EHWHPSWLQJWRLGHQWLI\WKHVHSDUDEOHIDFWRUVRIGLVWDQFH
DQGVL]HZLWKWKHWKHRUHWLFDOGLYLVLRQRIWKHSUHKHQVLRQPRYHPHQWLQWRWUDQVSRUWDQGJUDVS
FRPSRQHQWV-HDQQHURG7KLVORRNVOLNHDQREYLRXVSDUDOOHOJLYHQWKDWWKHWDUJHW
GLVWDQFHGHWHUPLQHVWKHVFDOHRIWKHRYHUDOOWUDQVSRUWZKLOHWKHWDUJHWVL]HVHWVWKHDFFXUDF\
FRQVWUDLQWVIRUWKHILQDOJUDVS+RZHYHUWKHUHDUHUHDVRQVWRGRXEWWKDWLWZRXOGEHDXVHIXOEDVLV
IRUWKHRUHWLFDOGHYHORSPHQW)LUVWWKHWZRIDFWRUPRGHOLVQRWVSHFLILFWRSUHKHQVLRQEXWLVD
FDQGLGDWHIRUDPRUHJHQHUDOVSHHGDFFXUDF\WUDGHRIILQVSDWLDOO\FRQVWUDLQHGDLPLQJLQFOXGLQJLQ
XQLGLPHQVLRQDOWDVNV$VQRWHGLQWKH,QWURGXFWLRQDFRPPRQREVHUYDWLRQLVWKDWPRYHPHQWWLPHV
IRUGLIIHUHQWDPSOLWXGHVIDOORQGLVWLQFWVWUDLJKWOLQHVZKHQSORWWHGDJDLQVW)LWWV¶LQGH[RIGLIILFXOW\
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7KHGLIIHUHQFHVDUHRIWHQOHVVH[WUHPHWKDQWKRVHLQ)LJXUHRIWKHSUHVHQWVWXG\EXWWKH\DUH
XVXDOO\FOHDUO\YLVLEOHHJ%DLQEULGJH	6DQGHUV'XDUWH	/DWDVK*DQ	+RIIPDQQ
+RIIPDQQ	6KHLNK-DJDFLQVNL5HSSHUJHU0RUDQ:DUG	*ODVV/DQJROIHW
DO0DF.HQ]LH	*UDKDP0DF.HQ]LHHWDO6KHULGDQ:HOIRUG 
6HFRQGDQGFRQVLVWHQWZLWKWKHSRVVLELOLW\RIDJHQHUDOVSHHGDFFXUDF\WUDGHRIISUHKHQVLRQ
LWVHOIFDQEHFRQVLGHUHGDVDQHODERUDWHGIRUPRIVLPSOHDLPLQJ7KHGLJLWFRQWUROK\SRWKHVLV
SURSRVHGE\6PHHWV	%UHQQHUDUJXHVWKDWWUDQVSRUWDQGJUDVSSDUDPHWHUVDUHQRW
FRQWUROOHGH[SOLFLWO\GXULQJSUHKHQVLRQEXWDUHHPHUJHQWSURSHUWLHVRILQGHSHQGHQWSRLQWLQJ
PRYHPHQWVRIWKHILQJHUVDQGWKXPEWRRSSRVLQJFRQWDFWSRLQWVRQWKHREMHFWVXUIDFH,QWKH
RULJLQDOYHUVLRQRIWKLVPRGHOWKHWUDMHFWRULHVRIWKHILQJHUDQGWKXPEZHUHHDFKPRGHOOHGE\D
PLQLPXPMHUNFULWHULRQ)ODVK	+RJDQXVLQJVRPHVLPSOHWDVNFRQVWUDLQWVVXFKDVVWDUWDQG
HQGSRVLWLRQVDQGDQJOHRIDSSURDFKWRVXUIDFH6PHHWV	%UHQQHU$PRUHUHFHQWYHUVLRQRI
WKHPRGHOLQFRUSRUDWHVWDVNREMHFWLYHVDVZHOODVFRQVWUDLQWVIRUH[DPSOHWKHREMHFWLYHWRDYRLG
FRQWDFWZLWKQRQWDUJHWVXUIDFHV9HUKHLMHWDO7KHVHGLJLWFRQWUROPRGHOVUHSURGXFHPDQ\
HPSLULFDOIHDWXUHVRISUHKHQVLRQDQGLWVPRGXODWLRQZLWKWDVNYDULDEOHVDQGWKH\GRVRPRUH
SDUVLPRQLRXVO\WKDQFRQWUROVFKHPHVEDVHGXSRQWKHH[SOLFLWFRQWURORIWUDQVSRUWDQGJUDVS
%RUFKHUVHWDO6PHHWV	%UHQQHU9HUKHLMHWDO9HUKHLM%UHQQHU	
6PHHWV,WZLOOEHRILQWHUHVWWRVHHZKHWKHUWKLVPRGHOSHUKDSVDGGLQJWKHPLQLPLVDWLRQRI
PRYHPHQWWLPHDVDWDVNREMHFWLYHFDQUHSURGXFHWKHWZRIDFWRUVSHHGDFFXUDF\WUDGHRIIV
HVWDEOLVKHGE\WKHSUHVHQWVWXG\ 
&RQVLGHULQJWKHFRQVLVWHQF\RIWKHVHVSHHGDFFXUDF\WUDGHRIIVLWPD\VHHPVXUSULVLQJWKDW
WKH\KDYHQRWEHHQFOHDUO\GHVFULEHGEHIRUHDWEHVWWKH\KDYHEHHQVHHQLQGLVWLQFWO\%RRWVPDHW
DO0DUWHQLXNHWDO=DDO	%RRWVPD$SUREDEOHUHDVRQLVWKDWSULRUDXWKRUV
KDYHPRGHOOHGSUHKHQVLRQPRYHPHQWWLPHGDWDXVLQJDGDSWDWLRQVRI)LWWV¶HTXDWLRQZKHUHDVDWZR
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IDFWRUPRGHOLVPRUHDSSURSULDWH:HOIRUG:HDOVRDUJXHGWKDWVSHHGDFFXUDF\WUDGHRIIV
PD\KDYHEHHQPDVNHGE\XQFRQWUROOHGVRXUFHVRIYDULDWLRQVRWRJLYHRXUVHOYHVWKHEHVWFKDQFHRI
ILQGLQJFOHDUSDWWHUQVZHGHVLJQHGDQRYHODHULDOJUDVSLQJWDVN7KLVWDVNIDFLOLWDWHGDVWUDLJKWSDWK
RIDSSURDFKWRDOLJQWKHJUDVSIRUPDWLRQZLWKWKHREMHFW¶VSULQFLSDOD[HVDQGUHTXLUHGWKH
SDUWLFLSDQWWRIXOO\FRQWUROWKHLURZQILQJHUSODFHPHQWUDWKHUWKDQKDYLQJWKHWDEOHWRSDYDLODEOHDV
DQHQGVWRS:HFRQVWUDLQHGWKHJUDVSWRDODWHUDOILQJHUWKXPESLQFKLQRUGHUWRKROGWKHWDVN
FRQVWDQWDQGZHPDQLSXODWHGHDFKREMHFWGLPHQVLRQLQGHSHQGHQWO\1RQHWKHOHVVXVLQJDGDSWDWLRQV
RI)LWWV¶HTXDWLRQIRUHDFKRIWKHREMHFWVHWVWKHSUHGLFWLRQRIPRYHPHQWWLPHZDVSRRU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